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(54) FLUIDIZED BED GASIFICATION COMBUSTION FURNACE 

(57) A gasification furnace and a combustion fur- 
nace are integrated with each other to form a single flu- 
idized-bed gasification and combustion furnace in which 
unburned char generated in the gasification furnace is 
combusted in the combustion furnace, and the thus 
generated heat of combustion is utilized as a heat 
source for gasification. The fluidized-bed gasification 
and combustion furnace (1) comprises a gasification 
furnace (3) and a combustion furnace (4) which are 
divided by a first partition wall (2). In the gasification fur- 
nace (3), a revolving flow of the fluidized medium is 
formed by diffusion devices (32, 33) provided on fur- 
nace bottoms, and an upward flow of the fluidized 
medium partly flows in the combustion furnace (4). The 
combustion furnace (4) is divided into a main combus- 
tion chamber (6) and a heat recovery chamber (7) by a 
second partition wall (5). In the main combustion cham- 
ber (6), a revolving flow of the fluidized medium is 
formed by diffusion devices (34, 35) provided on fur- 
nace bottoms, and an upward flow of the fluidized 
medium partly flows in the heat recovery chamber (7). 
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Description 
Technical Field 

[0001] The present invention relates to a fluidized- s 
bed gasification and combustion furnace which inte- 
grates a f luidized-bed gasification furnace and a fluid- 
ized-bed combustion furnace into a single structure. 

Background Art 10 

[0002] Efforts for generating electricity at a high effi- 
ciency using coal have been made. As one of the 
efforts, there has been proposed a topping-cycle sys- 
tem which incorporates a pressurized fluidized-bed is 
combustion furnace as shown in FIG. 14. In this system, 
coal is first gasified in a fluidized-bed gasification fur- 
nace 501. At this time, combustible component com- 
posed mainly of carbon, i.e., the so-called char 
produced in the gasification furnace 501 is combusted 20 
in a char combustion furnace 502 different from the gas- 
ification furnace 501 . That is, a mixture of gas and char 
generated in the gasification furnace 501 is introduced 
into a cyclone 505 in which gas and char are separated 
from each other, and the char is supplied to the char 25 
combustion furnace 502 and the gas is supplied to a 
combustor 503. On the other hand, a fluidized medium 
and the char are supplied from the gasification furnace 
501 to the char combustion furnace 502 in which the 
char is combusted to heat the fluidized medium, and the 30 
heated fluidized medium is returned to the gasification 
furnace 501. Combustible gas produced in the gasifica- 
tion furnace 501 and combustion exhaust gas gener- 
ated in the char combustion furnace 502 are mixed with 
each other and combusted in the combustor 503 to 35 
raise the temperature, and then the exhaust gas is intro- 
duced into a gas turbine 504. Further, combustion 
exhaust gas and ashes generated in the char combus- 
tion furnace 502 are separated from each other in a 
cyclone 506, and as described above, the combustion 40 
exhaust gas is introduced into the combustor 503 and 
the ashes are discharged from the bottom of the 
cyclone. 

[0003] Steam generated in the char combustion fur- 
nace 502 is introduced into a steam turbine 508, and 45 
then heated in a waste heat boiler 509. and then 
returned to the char combustion furnace 502. The com- 
bustion exhaust gas discharged from the gas turbine 
504 is discharged from a stack 51 1 via the waste heat 
boiler 509. so 
[0004] As the temperature of gas at the inlet of the 
gas turbine is high, the efficiency of the gas turbine is 
high, and hence in order to raise the efficiency of the 
total system, it is very important to keep the gas at the 
inlet of the gas turbine at a high temperature. 55 
[0005] On the other hand, gasification performance 
is influenced by the kind of coal. In general, as the reac- 
tion temperature is high, the reaction of gasification is 



accelerated, and the rate of gasification is increased. 
Therefore, in order to use various kind of coal as fuel, it 
is extremely important to keep the temperature of the 
gasification furnace stable and high. 
[0006] The methods for maintaining the tempera- 
ture of the gasification furnace are roughly classified 
into two methods. One method is that a part of fuel sup- 
plied to the gasification furnace is not gasified but com- 
busted, and the other method is that char produced in 
the gasification furnace is supplied into the char com- 
bustion furnace together with the fluidized medium, for 
combusting thereby heating the fluidized medium, and 
the heated fluidized medium is returned to the gasifica- 
tion furnace. Generally, the combustion reaction rate of 
gas is much faster than the combustion reaction rate of 
solid as different order. Therefore, in the former case, 
most of oxygen supplied to the gasification furnace 
reacts with gas component generated therein, and 
hence the yield of gas is lowered. In the latter case, 
since gas produced in the gasification furnace is not 
consumed for maintaining the temperature in the fur- 
nace, the yield of gas is high and available coal range is 
wide. 

[0007] However, the latter method requires a tech- 
nology for circulating a large amount of heating medium 
having a high temperature from the gasification furnace 
to the char combustion furnace. However, this needs a 
handling technology for particles having a high temper- 
ature and containing unburned substances, so that this 
encounters technically difficult problems. The reason 
why the topping-cycle system incorporating the pressu- 
rized fluidized-bed combustion furnace has not been 
put to practical use yet is that the technology for han- 
dling the particles having a high temperature and con- 
taining unburned substances has not been 
accomplished. 

[0008] On the other hand, there has been proposed 
an attempt in which the char combustion furnace and 
the gasification furnace are disposed adjacent to each 
other to shorten conveyance distance of particles hav- 
ing a high temperature therebetween. In this technol- 
ogy, the char combustion furnace is provided adjacent 
to the gasification furnace, and immersed heat transfer 
tubes are disposed in the bed of the char combustion 
furnace. 

[0009] As shown in FIG. 15, the heat transfer coef- 
ficient between the heat transfer tube in the fluidized- 
bed and the heating medium is almost constant irre- 
spective of degree of fluidization of the fluidized 
medium, if the superficial velocity of fluidizing gas is two 
times larger than the velocity required for minimum flu- 
idization of the fluidized medium. That is, the immersed 
heat transfer tubes in the fluidized-bed can collect a 
constant quantity of heat, regardless of the superficial 
velocity. Therefore, in case that the quantity of heat gen- 
erated in the fluidized-bed is changed, for example, the 
amount of coal supplied to the furnace is changed 
according to load change, the temperature of the fluid- 
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ized-bed is changed since the amount of heat transfer is 
constant 

[0010] In the topping-cycle system incorporating 
the pressurized fluidized-bed combustion furnace, it is 
important to keep the gas at the outlet of the gasification 
furnace and the gas at the outlet of the combustion fur- 
nace at desired high temperatures, respectively. In such 
a structure in which the char combustion furnace and 
the gasification furnace are disposed adjacent to each 
other, since the f luidized medium is circulated between 
the char combustion furnace and the gasification fur- 
nace, both of the furnaces have relationship each other, 
and hence the fluctuation of the each bed temperatures 
may cause fatal damage to a stable operation of the 
whole system. 

[001 11 As a method for suppressing the fluctuation 
of bed temperature in the char combustion furnace 
incorporating the immersed heat transfer tubes, the 
amount of oxygen in the fluidizing gas supplied to the 
char combustion furnace is changed in accordance with 
the load, whereby the amount of char to be combusted 
is changed for thereby control «ng the bed temperature. 
[001 2] However, control c* t*e amount of char to be 
combusted by controJUng th* amount of o*ygen has a 
slow response speed riattm cortro rs difficult, and the 
bed temperature runs out at control As a result, there is 
a probability that the fLwo\red medum and ashes are 
melted and the fluidized oed cannot be maintained, 
resulting in stoppage of the operation 
[001 3] In order to Keep the gasification furnace at a 
high temperature, it is necessary that heating medium is 
heated by combusting char m the char combustion fur- 
nace and the heated heating medium having a high 
temperature is supplied to the gasification furnace, and 
hence the bed temperature of the char combustion fur- 
nace must be high. However, if the bed temperature of 
the char combustion furnace is excessively high, then 
clinker is formed. Therefore, rt is necessary that the bed 
temperature is controlled wtthm a designated range and 
the char combustion furnace has an excellent controlla- 
bility of the bed temperature. 

[0014] The easiest method for controlling the tem- 
perature of the char combustion chamber is supplying 
heating medium having a low temperature when the 
temperature of the char combustion chamber is 
increased. For example, the amount of fluidized 
medium required for lowering the bed temperature from 
950°C to 900°C by 50°C, though depending on the tem- 
perature of the fluidized medium for supplying, in case 
where the temperature of the fluidized medium supplied 
thereto is 400°C, may be 50/(900-400) =1/10 of the total 
amount of the fluidized medium. Conversely, if the bed 
temperature is decreased to a value lower than a set 
value, since the bed temperature is recovered by com- 
busting char, there is nothing to do with. 
[0015] Therefore, if there is such a method for sup- 
plying the fluidized medium having a low temperature to 
the char combustion furnace, when necessary, while 



observing change of the bed temperature of the com- 
bustion furnace, then temperature control of the char 
combustion furnace can be easily achieved. In this 
case, it is important to discharge the fluidized medium 

5 from the char combustion furnace, equal to the amount 
of fluidized medium supplied thereto. 
[0016] On the other hand, conventionally, in an 
atmospheric fluidized-bed boiler, coal is combusted in 
the fluidized-bed, and heat is recovered from the heated 

10 fluidized medium and combustion exhaust gas. Fig. 16 
is a schematic view showing an example of a conven- 
tional atmospheric fluidized-bed boiler. The fluidized- 
bed boiler comprises a combustion furnace 601 and a 
heat recovery chamber 602 which are partitioned from 

75 each other by a partition wall 600. Heat transfer sur- 
faces 603 for heat recovery from the fluidized medium 
are provided in the heat recovery chamber 602, and 
heat transfer surfaces 604 for heat recovery from com- 
bustion gas are provided in the freeboard. Steam pro- 

20 duced by heat recovery through the heat transfer 
surfaces 603 and 604 drives a steam turbine 605. 
[0017] Since coal characteristic is affected by the 
kind of coal, the combustion rate in the fluidized-bed is 
different, and the rate of the collected heat from the f lu- 

25 idized medium to the collected heat from combustion 
gas is different depending on the kind of coal. 
[0018] Therefore, the proper arrangement of the 
heat transfer surfaces for heat recovery from the fluid- 
ized medium and the heat transfer surfaces for heat 

30 recovery from combustion gas is different depending on 
the kind of coal, and conventionally, the arrangement of 
the heat transfer surfaces in the boiler has heretofore 
been changed with every kind of coal. Therefore, there 
is a great limitation to change of the kind of coal without 

35 reconstruction of the boiler, and if the kind of coal is 
greatly changed, the reconstruction of the boiler has 
been unavoidably conducted. This is because exces- 
sive heat transfer surfaces relative to the amount of heat 
recovery lead to lowering the furnace temperature, 

40 causing poor combustion and deteriorating environment 
by combustion gas, and conversely, shortage of the 
heat transfer surfaces leads to raising the furnace tem- 
perature and causing a clinker formation due to melting 
of ashes or agglomeration due to aggregation of the f lu- 

45 idized medium. 

Disclosure off Invention 

[0019] In order to solve the above problems, it is an 
so object of the present invention to provide a fluidized-bed 
gasification and combustion furnace in which a combus- 
tion furnace to be separately installed is not required, 
and a gasification furnace and a combustion furnace 
are integrated with each other, and hence a space nec- 
55 essary for its installation becomes small, and even if fuel 
generates a large amount of char like coal, the amount 
of char to be transferred can be easily controlled, and 
there is no clogging trouble in pipes, to provide a fluid- 
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ized-bed gasification and combustion furnace in which 
char can be combusted in a simple facility, combustion 
heat of char can be utilized as a heat source for gasifi- 
cation, and the bed temperature in the combustion fur- 
nace can be easily and accurately controlled, and to 
provide a f luidized-bed gasification and combustion fur- 
nace in which clinker is not formed, and even if fuel con- 
tains incombustible material having an irregular shape, 
such fuel can be used and thus a variety of fuel can be 
utilized, and high efficiency can be obtained, and the 
amount of harmful material discharged from the furnace 
is extremely small to allow the furnace to be suitable for 
environmental conservation. 

[0020] Further, another object of the present inven- 
tion is to provide a f luidized-bed gasification and com- 
bustion furnace which is a fluidized-bed coal boiler 
which can use various kinds of coal without changing 
the arrangement of the heat transfer surfaces in the 
boiler, i.e. reconstruction of the boiler. 
[0021 ] In order to achieve the above object, accord- 
ing to a first aspect of the present invention, there is pro- 
vided a fluidized-bed gasification and combustion 
furnace, characterized in that: a fluidized-bed furnace is 
divided by a plurality of partition walls into a gasification 
furnace, a main combustion chamber of a combustion 
furnace and a heat recovery chamber of the combustion 
chamber; a revolving flow of a fluidized mecfium is 
formed in at least one of the gasification furnace and the 
main combustion chamber; a circulating flow of the flu- 
idized medium is formed between the gasification fur- 
nace and the main combustion chamber; a circulating 
flow of the fluidized medium is formed between the heat 
recovery chamber and the main combustion chamber; 
and a heat transfer surface is disposed in a fluidized- 
bed of the heat recovery chamber. 
[0022] The present invention is characterized by a 
single fluidized-bed furnace in which a gasification 
chamber, a char combustion chamber and a heat recov- 
ery chamber which are functionally characterized are 
separated by respective partition walls, and the char 
combustion chamber and the gasification chamber, and 
char combustion chamber and the heat recovery cham- 
ber are disposed adjacent to each other, respectively. 
[0023] In the heat recovery chamber, immersed 
heat transfer tubes are disposed to cool a fluidized 
medium in the heat recovery chamber at all times. A 
partition wall between the heat recovery chamber and 
the char combustion chamber is a vertical wall, and the 
upper end of the partition wall extends to a position near 
an upper surface of the fluidized-bed and an opening is 
provided in the vicinity of the furnace bottom. In the char 
combustion furnace near the partition wall, an intense 
f luidizing region in which a fluidized medium is intensely 
blown up is formed, and the fluidized medium, which 
has been blown up. partly enters the heat recovery 
chamber. In case where the temperature of the char 
combustion chamber is raised to a value higher than a 
set value, the descending velocity of the, fluidized 



medium in the heat recovery chamber is increased, and 
the amount of fluidized medium which has been cooled 
and flows in the char combustion chamber through an 
opening near the furnace bottom is increased for 
5 thereby lowering the temperature of the char combus- 
tion chamber quickly. 

[0024] Further, thermal energy recovered by cool- 
ing the fluidized medium in the heat recovery chamber 
is recovered as steam which drives a steam turbine, and 
10 hence the recovered thermal energy can be effectively 
utilized. 

[0025] Further, according to a second aspect of the 
present invention, there is provided a fluidized-bed gas- 
ification and combustion furnace, characterized in that: 
15 a fluidized-bed furnace is divided by a first partition wall 
into a gasification furnace and a combustion furnace; 
the first partition wall has openings so that the gasifica- 
tion furnace and the combustion furnace communicate 
with each other at lower portions thereof, and upper por- 
20 tions thereof near surfaces of f luidized-beds; a diffusion 
device is provided on a furnace bottom of the gasifica- 
tion furnace so as to have different f luidizing velocities in 
the fluidized-bed; an intense fluidizing region of the flu- 
idized medium is formed so as to have a substantially 
25 high fluidizing velocity in the fluidized-bed in a region 
near the first partition wall, thus generating an upward 
flow of the fluidized medium; a weak fluidizing region of 
the fluidized medium is formed so as to have a substan- 
tially low fluidizing velocity in the fluidized-bed in a 
30 region apart from the first partition wall, thus generating 
a descending flow of the fluidized medium, and combus- 
tible material is supplied to said weak fluidizing region; 
the upward flow of the fluidized medium in the intense 
fluidizing region becomes partly a flow directed to the 
35 weak fluidizing region in the vicinity of a surface of the 
fluidized-bed, thus forming a revolving flow in the fluid- 
ized-bed in the gasification furnace, and partly a 
branched flow flowing in the combustion furnace 
through said upper opening of said first partition wall; 
40 the combustion furnace formed by the first partition wall 
has a fluidized-bed portion which is divided by a second 
partition wall into a main combustion chamber and a 
heat recovery chamber; the second partition wall has a 
lower opening through which the main combustion 
45 chamber and the heat recovery chamber communicate 
with each other, an upper end of the second partition 
wall extends to a position near a surface of the fluidized- 
bed, and the main combustion chamber and the heat 
recovery chamber are integrated with each other in a 
so freeboard section; a diffusion device is provided on a 
furnace bottom of the main combustion chamber so as 
to have different fluidizing velocities in a fluidized-bed in 
the main combustion chamber; a weak fluidizing region 
of the fluidized-bed is formed so as to have a substan- 
55 tially low fluidizing velocity in the fluidized-bed in a 
region near the first partition wall, and an intense fluidiz- 
ing region is formed so as to have a substantially high 
fluidizing velocity in the fluidized-bed in a region near 



4 



BNSDOCIO <EP 10301 50A1J_> 



EP1 030150 A1 



8 



the second partition wall; a descending flow of the f luid- 
ized medium is generated in the weak fluidizing region, 
and the descending flow is partly returned to the gasifi- 
cation furnace through the lower opening of the first par- 
tition wall, thus forming a circulating flow between the 5 
gasification furnace and the main combustion chamber; 
an upward flow of the fluidized medium is generated in 
the intense fluidizing region, and the upward flow 
becomes partly a flow; directed to the weak fluidizing 
region at a side of the first partition wall for thereby ere- w 
ating a revolving flow in the fluidized-bed of the main 
combustion chamber, and partly a branched flow which 
enters the heat recovery chamber beyond the second 
partition wall; a diffusion device is provided on a furnace 
bottom of the heat recovery chamber so as to have a 75 
substantially low fluidizing velocity in a fluidized-bed in 
the heat recovery chamber, thus forming a weak fluidiz- 
ing region of the fluidized medium; and thus the fluid- 
ized medium which has entered the heat recovery 
chamber from the main combustion chamber beyond 20 
the second partition wall descends in the heat recovery 
chamber, and returns to the main combustion chamber 
through the lower opening of the second partition wall, 
thus forming a circulating flow; and a heat transfer sur- 
face is disposed in the fluidized-bed in the heat recovery 2 s 
chamber. 

[0026] The present invention according to the sec- 
ond aspect offers the following advantages. 

(1) Since the interior of a fluidized-bed furnace is 30 
divided by a first partition wall into a gasification fur- 
nace and a combustion furnace, function for gasifi- 
cation and function for combustion are separated 
from each other, and two functions can be inde- 
pendently worked from each other at the same 35 
time, in spite of a single fluidized-bed furnace. 

The first partition wall has openings so that the 
gasification furnace and the combustion furnace 
communicate with each other at upper portions 
thereof near surfaces of fluidized-beds, and lower 40 
portions thereof. In the gasification furnace, a diffu- 
sion device is provided on a furnace bottom of the 
gasification furnace so as to have different fluidizing 
velocities in a fluidized-bed, an intense fluidizing 
region of the fluidized medium is formed so as to 45 
have a substantially high fluidizing velocity in the 
fluidized-bed in a region near the first partition wall, 
thus generating an upward flow of the fluidized 
medium, and a weak fluidizing region of the fluid- 
ized medium is formed so as to have a substantially so 
low fluidizing velocity in the fluidized-bed located at 
the other side, thus generating a descending flow of 
the fluidized medium. As a result, a revolving flow is 
formed in the fluidized-bed, and the fluidized 
medium in the upward flow in the intense fluidizing 55 
region forms partly a branched flow flowing in the 
combustion furnace through the upper opening of 
the first partition wall. 



Thus, by supplying combustible material to the 
weak fluidizing region, the combustible material is 
swallowed into the descending flow, and then uni- 
formly distributed and mixed with the fluidized 
medium by the revolving flow, and gasified by par- 
tial combustion during sufficient retention time. 
Char which is difficult to be gasified is introduced 
into the combustion furnace by the branched flow. 

On the other hand, in the combustion furnace 
formed at the opposite side of the first partition wall, 
a second partition wall is further provided in the flu- 
idized-bed for thereby dividing the fluidized-bed 
portion into a main combustion chamber and a heat 
recovery chamber. The second partition wall has a 
lower opening through which the main combustion 
chamber and the heat recovery chamber communi- 
cate with each other, and the upper end of the sec- 
ond partition wall extends to a position near the 
surface of the fluidized-bed, and the main combus- 
tion chamber and the heat recovery chamber are 
integrated with each other in the freeboard section. 
In the main combustion chamber, a diffusion device 
is provided on a furnace bottom so as to have differ- 
ent fluidizing velocities in the fluidized-bed, and a 
weak fluidizing region of the fluidized medium is 
formed so as to have a substantially low fluidizing 
velocity in the fluidized-bed in a region near the 
opening for communicating with the gasification fur- 
nace, thus generating a descending flow of the flu- 
idized medium, and an intense fluidizing region of 
the fluidized medium is formed so as to have a sub- 
stantially high fluidizing velocity in the fluidized-bed 
at the side of the second partition wall, i.e. the heat 
recovery chamber, thus generating an upward flow 
of the fluidized medium. 

As a result, the upward flow of the fluidized 
medium becomes partly a flow directed to the weak 
fluidizing region, thus forming a revolving flow in the 
fluidized-bed in the main combustion chamber, and 
partly a flow which enters the heat recovery cham- 
ber beyond the second partition wall. Therefore, 
unburned char from the gasification furnace is swal- 
lowed into the descending flow in the combustion 
chamber, and then uniformly distributed and mixed 
with the fluidized medium by the revolving flow, and 
completely combusted during sufficient retention 
time. Further, by supplying secondary air to the 
freeboard, combustion and desulfurizing reaction 
can be completed. 

On the other hand, the quantity of heat gener- 
ated in the combustion furnace returns partly to the 
gasification furnace by the fluidized medium having 
a high temperature passing through the lower 
opening of the first partition wall, thus contributing 
to a heat source for gasification. Further, the quan- 
tity of heat generated in the combustion furnace 
flows in the heat recovery chamber by the fluidized 
medium having a high temperature which enters 
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the heat recovery chamber beyond the second par- 
tition wall. 

In the heat recovery chamber, a weakfluidizing 
region is formed so as to have a substantially low 
fluidizing velocity in the fluidized-bed by proving a 
diffusion device on a furnace bottom, whereby a cir- 
culating flow is provided in which the fluidized 
medium having a high temperature which has 
entered the heat recovery chamber beyond the sec- 
ond partition wall from the main combustion cham- 
ber descends in the heat recover chamber, and 
returns to the main combustion chamber through 
the lower opening of the second partition wall, and 
collection of heat is performed by the heat transfer 
surfaces disposed in the fluidized-bed in the heat 
recovery chamber. 

Since the heat recovery chamber has a weak 
fluidizing region of the fluidized medium, the 
immerse heat transfer tubes do not have an effect 
of wearing, and hence it is possible to use silica 
sand as a fluidized medium, and the amount of 
limestone used may be a minimum amount 
required for desurfunzing reaction, and the amount 
of ashes discharged thwe*rom may b* decrease for 
thereby allowing the furnace to b* mit^le for envi- 
ronmental conservation Further n the gasification 
furnace and the combustion furnace gasification 
and combustion are operated at a temperature 
ranging from 650 to 950 C 

(2) Even if combust tofe material supplied to the fur- 
nace contains incombustible material having an 
irregular shape, the direction of revolving flow in the 
fluidized-bed and the direction of discharging 
incombustible material are the same direction, and 
the furnace bottom is inclined toward the incombus- 
tible material discharging port, and therefore incom- 
bustible material can be easily discharged. 

(3) The first partition wall and the second partition 
wall have an inclined surface, respectively which is 
inclined toward the intense fluidizing region side 
and contributes to formation of a revolving flow by 
causing the upward flow to turn its direction. Fur- 
ther, the first partition wall and the second partition 
wall have a vertical surface in the weak fluidizing 
region side, and a descending flow is smoothly 
formed without stagnation of the fluidized medium. 

(4) The produced gas from the gasification furnace 
and the combustion exhaust gas from the combus- 
tion furnace are introduced into the slagging com- 
bustion furnace and mixed therein, and combustible 
gas and particles containing combustible content 
are combusted at a high temperature of 1200°C or 
higher for thereby melting ashes, and therefore it is 
possible to decompose harmful gas component at a 
high temperature, reduce volume of ashes by melt- 
ing, and prevent heavy metals from being eluted 
out. 

(5) According to the present invention, the f luidized- 
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bed gasification and combustion furnace has a 
pressure-tight structure or is housed in a pressure 
vessel, and operated under a pressure equal to or 
higher than an atmospheric pressure. The gases 
discharged therefrom are dedusted respectively, 
and then introduced into a gas turbine, and hence 
the gas turbine can be operated at a temperature of 
1300°C or higher at the inlet of the gas turbine, and 
the efficiency of power generation can be greatly 
improved. 



[0027] Fuel is supplied to the gasification furnace, 
gasified by partial combustion, and unburned char gen- 
erated in the gasification furnace and accompanied by 
is the produced gas is cooled to a temperature of 600°C or 
lower in a gas cooling apparatus at the subsequent 
stage, and therefore alkali metal such as Na or K which 
will cause hot corrosion of gas turbine blades, for exam- 
ple, is solidified or deposited onto surfaces of particles, 
20 and the solidified particles or the deposited particles are 
collected by a dust collector and introduced into the 
combustion furnace, and then completely combusted in 
the combustion furnace. 

[0028] Further, the combustion exhaust gas dis- 
25 charged from the combustion furnace passes through 
the pressure vessel, and is cooled to a temperature of 
600°C or lower in the gas cooling apparatus at the sub- 
sequent stage. By this cooling, alkali metal such as Na 
or K is solidified or deposited onto surfaces of particles, 
30 and the solidified particles or the deposited particles are 
collected by a dust collector and discharged therefrom. 
[0029] The combustion gas which has been purified 
by removing Na or K which will cause hot corrosion, and 
the produced gas which has been purified by removing 
35 dust with the dust collector downstream of the gasifica- 
tion furnace are introduced into the gas turbine, and 
combusted at a high temperature of 1300°C or higher, 
thereby driving the gas turbine at a high efficiency. The 
gas turbine drives a compressor and a generator. 
40 [0030] On the other hand, in case of using coal as 
fuel, desulfurizing reaction is carried out in the furnace 
by mixing fuel with limestone or supplying the limestone 
separately to the furnace. That is, hydrogen sulfide H 2 S 
generated in the gasification furnace reacts with CaO to 
45 produce CaS by desulfurizing reaction, and the pro- 
duced CaS accompanied by the produced gas is sup- 
plied to a dust collector, and then CaS is collected in the 
dust collector and supplied to the main combustion 
chamber. Further, the fluidized medium containing 
so unburned char and CaS is introduced in the main com- 
bustion chamber by a branched flow passing through 
the opening at the upper portion of the first partition wall 
of the gasification furnace. The unburned char is com- 
pletely combusted in an oxidizing atmosphere in the 
55 main combustion chamber, while CaS is converted into 
CaS0 4 , and the converted CaS0 4 accompanied by 
combustion exhaust gas is supplied to the dust collec- 
tor. In the dust collector, CaS0 4 is collected and dis- 
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charged therefrom. 

[0031] According to a third aspect of the present 
invention, there is provided a fluidized-bed gasification 
and combustion furnace, characterized in that: a fluid- 
ized-bed furnace is divided by a first partition wall into a s 
gasification furnace and a combustion furnace; the first 
partition wall has openings so that the gasification fur- 
nace and the combustion furnace communicate with 
each other at lower portions thereof, and upper portions 
thereof near surfaces of f luidized-beds; in the gasif ica- 10 
tion furnace, a diffusion device is provided on a furnace 
bottom of the gasification furnace so as to have different 
fluidizing velocities in the fluidized-bed; an intense fluid- 
izing region of the fluidized medium is formed so as to 
have a substantially high fluidizing velocity in the fluid- is 
ized-bed in a region near the first partition wall, thus 
generating an upward flow of the fluidized medium; a 
weak fluidizing region of the fluidized medium is formed 
so as to have a substantially low fluidizing velocity in the 
fluidized-bed in a region apart from the first partition 20 
wall, thus generating a descending flow of the fluidized 
medium, and combustible material is supplied to the 
weak fluidizing region; the upward flow of the fluidized 
medium in the intense fluidizing region becomes partly 
a flow directed to the weak fluidizing region in the vicin- 25 
ity of a surface of the fluidized-bed. thus forming a 
revoking flow m the fluidized-bed in the gasification fur- 
nace and partly a branched flow flowing in the combus- 
tion furnace through the upper opening of the first 
partton wall, m the combustion furnace, a diffusion 
device is provtdeo on a furnace bottom of the main com- 
bustion chamber so as to have different fluidizing veloc- 
ities m a fluKlized-bed. a weak fluidizing region of the 
fluids ed medium is formed so as to have a substantially 
low fluKfczing velocity in the fluidized-bed in a region 
near the first partition wall, thus generating a descend- 
ing f tow of the f ludized medium, and an intense fluidiz- 
ing region of the fluidized medium is formed so as to 
have a substantially high fluidizing velocity in the fluid- 
i2ed-oed in a region apart from the first partition wall, 
thus generating an upward flow of the fluidized medium, 
whereby a revolving flow is formed in the fluidized-bed; 
and thus the fluidized medium which has entered the 
gasrlication furnace from the combustion furnace 
through the upper opening of the first partition wall 
descends in the f luidized-bed by the revolving flow in the 
combustion furnace, and char which is ungasrfied com- 
ponent is combusted while it is descending, and the flu- 
idized medium heated to a high temperature returns 
partly to the gasification furnace in the vicinity of the fur- 
nace bottom through the lower opening of the first parti- 
tion wall to serve as a heat source for pyrolysis 
gasification in the gasification furnace. 
[0032] According to the third aspect of the present 
invention, in the gasification furnace, a diffusion device 
is provided on a furnace bottom of the gasification fur- 
nace so as to have different fluidizing velocities in a flu- 
idized-bed, an intense fluidizing region of the fluidized 



medium is formed so as to have a substantially high flu- 
idizing velocity in the fluidized-bed in a region near the 
first partition wall, thus generating an upward flow of the 
fluidized medium, and a weak fluidizing region of the flu- 
idized medium is formed so as to have a substantially 
low fluidizing velocity in the fluidized-bed located at the 
other side, thus generating a descending flow of the flu- 
idized medium. As a result, a revolving flow is formed in 
the fluidized-bed, and the fluidized medium in the 
upward flow in the intense fluidizing region forms partly 
a branched flow flowing in the combustion furnace 
through the upper opening of the first partition wall. 
[0033] Thus, by supplying combustible material to 
the weak fluidizing region, the combustible material is 
swallowed into the descending flow, and then uniformly 
distributed and mixed with the fluidized medium by the 
revolving flow, and gasified by partial combustion during 
sufficient retention time. Char which is difficult to be 
gasified is introduced into the combustion furnace by 
the branched flow. 

[0034] On the other hand, in the combustion fur- 
nace formed at the opposite side of the first partition 
wall, a diffusion device is provided on a furnace bottom 
of the combustion furnace so as to have different fluidiz- 
ing velocities in a fluidized-bed, a weak fluidizing region 
of the fluidized medium is formed so as to have a sub- 
stantially low fluidizing velocity in the fluidized-bed in a 
region near the first partition wall, thus generating a 
descending flow of the fluidized medium, and an intense 
fluidizing region of the fluidized medium is formed so as 
to have a substantially high fluidizing velocity in the flu- 
idized-bed in a region apart from the first partition wall, 
thus generating an upward flow of the fluidized medium. 
As a result, the upward flow becomes partly a flow 
directed to the weak fluidizing region, thus generating a 
revolving flow of the fluidized medium in the fluidized- 
bed in the combustion furnace. The fluidized medium 
which has entered the combustion furnace through the 
upper opening of the partition wall from the gasification 
furnace descends in the combustion furnace with the 
revolving flow, and char which is ungasif ied component 
is combusted while it is descending, and the fluidized 
medium heated to a high temperature returns to the 
gasification furnace through the lower opening of the 
partition wall in the vicinity of the furnace bottom for 
thereby serving as a heat source for pyrolysis gasifica- 
tion in the gasification furnace. 

[0035] In order to perform pyrolysis gasification of 
fuel, thermal energy is required, and in case of gasifica- 
tion of coal, thermal energy obtained by combustion of 
coal is normally utilized. In such case, in order to 
improve the rate of gasification and suppress genera- 
tion of tar, high temperature is necessary, and hence 
coal which should be converted into gas as much as 
possible is combusted uselessly. 
[0036] According to the third aspect of the present 
invention, as described above, the heat of combustion 
of char which is ungasif ied component is returned to the 
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gasification furnace with the f luidized medium having a 
high temperature, and hence coal can be saved without 
being combusted the amount corresponding to the 
quantity of heat brought in the gasification furnace. As a 
result, the amount of air supplied to the furnace can be 5 
reduced, the rate of gasification can be improved, and 
the heating value of gas per unit volume can be 
increased. 

[0037] Further, according to a fourth aspect of the 
present invention, there is provided a fluidized-bed gas- 10 
if ication and combustion furnace, characterized in that: 
a fluidized-bed furnace is divided by a first concentric 
partition wall into a cylindrical gasification furnace and 
an annular combustion furnace formed around the gas- 
ification furnace; the first partition wall has openings so is 
that the gasification furnace and the combustion fur- 
nace communicate with each other at upper portions 
thereof near surfaces of f luidized-beds, and lower por- 
tions thereof; a diffusion device is provided on a furnace 
bottom of the cylindrical gasification furnace enclosed 20 
by the first partition wall so as to have different f luidizing 
velocities in the fluidized-bed; a weak f luidizing region of 
the f luidized medium is formed so as to have a substan- 
tially low f luidizing velocity in a cylindrical area of a fluid- 
ized-bed at a central portion of the furnace, thus 25 
generating a descending fbw of the fluidized medium; 
an intense f luidizing region of the fluidized medium is 
formed so as to have a substantially high fluidizing 
velocity in an annular area of the fluidized-bed in a 
region near the first partition wall, thus generating an 30 
upward flow of the fluidized medium; the upward flow of 
the fluidized medium partly flows in the combustion fur- 
nace through the upper opening of the first partition wall 
and partly flows toward the central weak fluidizing 
region, thus forming a revolving flow in the fluidized-bed 35 
of the gasification furnace, and combustible material is 
supplied to the weak fluidizing region; the annular com- 
bustion furnace outside of the first partition wall has a 
fluidized-bed portion which is divided by providing a 
second partition wall in a radial direction into a plurality 40 
of main combustion chambers and a plurality of heat 
recovery chambers; the second partition wall has a 
lower opening through which the main combustion 
chamber and the heat recovery chamber communicate 
with each other, an upper end of the second partition 45 
wall extends to a position near a surface of the fluidized- 
bed, and the main combustion chamber and the heat 
recovery chamber are integrated with each other in a 
freeboard section; in the main combustion chamber, a 
diffusion device is provided on a furnace bottom so as to so 
have different fluidizing velocities in the fluidized-bed; a 
weak fluidizing region of the fluidized medium is formed 
so as to have a substantially low fluidizing velocity in the 
fluidized-bed, near the opening for communicating with 
the gasification furnace, in a central part of the main 55 
combustion chamber, thus generating a descending 
flow of the fluidized medium, the descending flow partly 
returns to the gasification furnace through the lower 



opening of the first partition wall, and partly flows toward 
an intense fluidizing region formed so as to have a sub- 
stantially high fluidizing velocity, and then the fluidized 
medium forms an upward flow in the intense fluidizing 
region, thus forming a revolving flow in the fluidized-bed 
in the main combustion chamber, and the upward flow 
partly forms a branched flow flowing in the heat recov- 
ery chamber beyond the second partition wall; a diffu- 
sion device is provided on a furnace bottom of the heat 
recovery chamber so as to have a substantially low flu- 
idizing velocity in the fluidized-bed, thus forming a weak 
fluidizing region of the fluidized medium; and ihe fluid- 
ized medium which has entered the heat recovery 
chamber from the main combustion chamber beyond 
the second partition wall descends in the heat recovery 
chamber, and returns to the main combustion chamber 
through the lower opening of the second partition wall, 
thus forming a circulating flow; and a heat transfer sur- 
face is disposed in the fluidized-bed in the heat recovery 
chamber. 

[0038] According to the fourth aspect of the present 
invention, since the interior of a fluidized-bed furnace is 
divided by a concentric first partition wall into a cylindri- 
cal gasification furnace and an annular combustion fur- 
nace surrounding the gasification furnace, function for 
gasification and function for combustion are separated 
from each other, and two functions can be independ- 
ently worked from each other at the same time, in spite 
of a single fluidized-bed furnace. 
[0039] The first partition wall has openings so that 
the cylindrical gasification furnace and the annular com- 
bustion furnace communicate with each other at upper 
portions thereof near surfaces of fluidized-beds, and 
lower portions thereof. In the cylindrical gasification fur- 
nace enclosed by the first partition wall, a diffusion 
device is provided on a furnace bottom of the gasifica- 
tion furnace so as to have different fluidizing velocities in 
a fluidized-bed, a weak fluidizing region of the fluidized 
medium is formed so as to have a substantially low flu- 
idizing velocity in the fluidized-bed in a cylindrical region 
near the central portion of the furnace, thus generating 
a descending flow of the fluidized medium, and an 
intense fluidizing region of the fluidized medium is 
formed so as to have a substantially high fluidizing 
velocity in the fluidized-bed in an annular region near 
the first partition wall, thus generating an upward flow of 
the fluidized medium. As a result, a revolving flow is 
formed in the fluidized-bed, and the fluidized medium 
forms partly a branched flow flowing in the combustion 
furnace through the upper opening of the first partition 
wall. 

[0040] Thus, by supplying combustible material to 
the weak fluidizing region, the combustible material is 
swallowed into the descending flow, and then uniformly 
distributed and mixed with the fluidized medium by the 
revolving flow, and gasified by partial combustion during 
sufficient retention time. Char which is difficult to be 
gasified is introduced into the combustion furnace by 
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the branched flow. 

[0041] On the other hand, in the annular combus- 
tion furnace outside of the first partition wall, a second 
partition wall is provided in the f luidized-bed in a radial 
direction for thereby dividing the fluidized-bed portion 
into a plurality of main combustion chambers and a plu- 
rality of heat recovery chambers. The second partition 
wall has a lower opening through which the main com- 
bustion chamber and the heat recovery chamber com- 
municate with each other, and the upper end of the 
second partition wall extends to a position near the sur- 
face of the fluidized-bed, and the main combustion 
chamber and the heat recovery chamber are integrated 
with each other in the freeboard section. In the main 
combustion chamber, a diffusion device is provided on a 
furnace bottom so as to have different f luidizing veloci- 
ties in the fluidized-bed, and a weak f luidizing region of 
the f luidized medium is formed so as to have a substan- 
tially low f luidizing velocity in the fluidized-bed in a cen- 
tral region of the main combustion furnace near the 
opening for communicating with the gasification fur- 
nace, thus generating a descending flow of the f luidized 
medium, and an intense f luidizing region of the f luidized 
medium is formed so as to have a substantially high f lu- 
idizing velocity in the fluidized-bed at the side of the sec- 
ond partition wall. i.e. the heat recovery chamber, thus 
generating an upward flow of the f luidized medium. The 
upward flow of the fluidized medium becomes partly a 
flow directed to the weak f luidizing region, thus forming 
a revolving flow in the fluidized-bed in the main combus- 
tion chamber, and partly a flow which enters the heat 
recovery chamber beyond the second partition wall. As 
a result, unburned char from the gasification furnace is 
swallowed into the descending flow in the combustion 
chamber, and then uniformly distributed and mixed with 
the fluidized medium by the revolving flow, and com- 
pletely combusted during sufficient retention time. Fur- 
ther, by supplying secondary air to the freeboard, 
combustion and desulfurizing reaction can be com- 
pleted. 

[0042] On the other hand, the quantity of heat gen- 
erated in the combustion furnace returns partly to the 
gasification furnace by the fluidized medium having a 
high temperature which passes through the lower open- 
ing of the first partition wall, thus contributing to a heat 
source for gasification. Further, the quantity of heat gen- 
erated in the combustion furnace flows in the heat 
recovery chamber by the fluidized medium having a 
high temperature which enters the heat recovery cham- 
ber beyond the second partition wall. 
[0043] In the heat recovery chamber, a weak f luidiz- 
ing region is formed so as to have a substantially low f lu- 
idizing velocity in the fluidized-bed by proving a diffusion 
device on a furnace bottom, whereby there is provided 
a circulating flow in which the fluidized medium having a 
high temperature which has entered the heat recovery 
chamber beyond the second partition wall from the main 
combustion chamber descends, in the heat recover 



chamber, and returns to the main combustion chamber 
through the lower opening of the second partition wall, 
and collection of heat is performed by the heat transfer 
surfaces disposed in the fluidized-bed in the heat recov- 

5 ery chamber. 

[0044] Since the heat recovery chamber has a 
weak fluidizing region of the fluidized medium, the 
immersed heat transfer tubes do not have an effect of 
wearing, and hence it is possible to use silica sand as a 

10 fluidized medium, and the amount of limestone used 
may be a minimum amount required for desulfurizing 
reaction, and the amount of ashes discharged there- 
from may be decrease for thereby allowing the furnace 
to be suitable for environmental conservation. Further, 

is in the gasification furnace and the combustion furnace, 
gasification and combustion are performed at a temper- 
ature ranging from 650 to 950°C. 
[0045] In the fourth aspect of the present invention 
also, the effects enumerated in (2) to (5) of the second 

20 aspect can be obtained. 

[0046] According to a fifth aspect of the present 
invention, there is provided a fluidized-bed gasification 
and combustion furnace, characterized in that: a fluid- 
ized-bed furnace is divided by a first concentric partition 

25 wall into a cylindrical gasification furnace and an annu- 
lar combustion furnace surrounding the gasification fur- 
nace; the first partition wall has openings so that the 
gasification furnace and the combustion furnace com- 
municate with each other at upper portions thereof near 

30 surfaces of f luidized-beds, and lower portions thereof; a 
diffusion device is provided on a furnace bottom of the 
cylindrical gasification furnace enclosed by the first par- 
tition wall so as to have different fluidizing velocities in 
the fluidized-bed; a weak fluidizing region of the fluid- 

35 ized medium is formed so as to have a substantially low 
fluidizing velocity in a cylindrical area of a fluidized-bed 
at a central portion of the furnace, thus generating a 
descending flow of the fluidized medium; an intense flu- 
idizing region of the fluidized medium is formed so as to 

40 have a substantially high fluidizing velocity in an annular 
area of the fluidized-bed in a region near the first parti- 
tion wall, thus generating an upward flow of the fluidized 
medium; the upward flow of the fluidized medium partly 
flows in the combustion furnace through the upper 

45 opening of the first partition wall and partly flows toward 
the central weak fluidizing region, thus forming a revolv- 
ing flow in the fluidized-bed of the gasification furnace, 
and combustible material is supplied to the weak fluidiz- 
ing region; a diffusion device is provided on a surface 

so bottom of the combustion furnace so as to have different 
fluidizing velocities in the fluidized-bed; a weak fluidizing 
region of the f luidized-medium is formed so as to have a 
substantially low fluidizing velocity in a region near the 
first partition wall, thus generating a descending flow of 

55 the fluidized medium; an intense fluidizing region of the 
fluidized medium is formed so as to have a substantially 
high fluidizing velocity in a region apart from the first 
partition wall, thus generating an upward flow of the flu- 
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idized medium; and the fluidized medium which has 
entered the combustion furnace from the gasification 
furnace though the upper opening of the partition wall 
descends in the fluidized-bed, and char which is ungas- 
ified component is combusted while it is descending, 5 
and the fluidized medium heated to a high temperature 
partly returns to the gasification furnace in the vicinity of 
the furnace bottom through the lower opening of the first 
partition wall to serve as a heat source for pyrolysis gas- 
ification in the gasification furnace. 10 
[0047] According to the fifth aspect of the present 
invention, in the cylindrical gasification furnace 
enclosed by the first partition wall, a diffusion device is 
provided on a furnace bottom of the gasification furnace 
so as to have different f luidizing velocities in a fluidized- is 
bed, a weak fluidizing region of the fluidized medium is 
formed so as to have a substantially low fluidizing veloc- 
ity in the fluidized-bed in a cylindrical region near the 
central portion of the furnace, thus generating a 
descending flow of the fluidized medium, and an intense 20 
fluidizing region of the fluidized medium is formed so as 
to have a substantially high fluidizing velocity in the f lu- 
idized-bed in an annular region near the first partition 
wall, thus generating an upwardly flow of the fluidized 
medium As a result, a revolving flow is formed in the flu- 25 
idized-bed. and the fluidized medium forms partly a 
branched flow flowing in the combustion furnace 
through the upper opening of the first partition wall. 
[0046] Thus, by supplying combustible material to 
the weak fluidizing region, the combustible material is 30 
swallowed into the descending flow, and then uniformly 
distr fauted and mxed with the fluidized medium by the 
revoking flow, and gasified by partial combustion during 
sufficient retention time Char which is difficult to be 
gasified is introduced into the combustion furnace by 35 
the branched flow 

[0049] On the other hand, in the annular combus- 
tion furnace outside of the first partition wall, a diffusion 
device is provided on a furnace bottom of the combus- 
tion furnace so as to have different fluidizing velocities in 40 
a flmdized-bed. a weak fluidizing region of the fluidized 
medium is formed so as to have a substantially low flu- 
idizing velocity in the flmdized-bed in a region near the 
first partition wall, thus generating a descending flow of 
the fluidized medium, and an intense fluidizing region of 45 
the fluidized medium is formed so as to have a substan- 
tially high fluidizing velocity in the fluidized-bed in a 
region apart from the first partition wall, thus generating 
an upward flow of the fluidized medium. 
[0050] The fluidized medium which has entered the so 
combustion furnace through the upper opening of the 
partition wall from the gasification furnace descends in 
the combustion furnace with the revolving flow, and char 
which is ungasified component is combusted while it is 
descending, and the fluidized medium heated to a high ss 
temperature returns partly to the gasification furnace 
through the lower opening of the partition wall in the 
vicinity of the furnace bottom for thereby serving as a 



heat source for pyrolysis gasification in the gasification 
furnace. 

[0051] In order to perform pyrolysis gasification of 
fuel, thermal energy is required, and in case of gasifica- 
tion of coal, thermal energy obtained by combustion of 
coal is normally utilized. In such case, in order to 
improve the rate of gasification and suppress genera- 
tion of tar, high temperature is necessary, and hence 
coal which should be essentially converted into gas as 
much as possible is combusted uselessly. 
[0052] According to the fifth aspect of the present 
invention, as described above, the heat of combustion 
of char which is ungasified component is returned to the 
gasification furnace with the fluidized medium having a 
high temperature, and hence coal can be saved without 
being combusted the amount corresponding to the 
quantity of heat brought in the gasification furnace. As a 
result, the amount of air supplied to the furnace can be 
reduced, the rate of gasification can be improved, and 
the heating value of gas per unit volume can be 
increased. 

Brief Description of Drawings 
[0053] 

FIG. 1 is a vertical cross-sectional view of a fluid- 
ized-bed gasification and combustion furnace 
according to an embodiment of the present inven- 
tion; 

FIG. 2 is a vertical cross-sectional view of a fluid- 
ized-bed gasification and combustion furnace 
according to another embodiment of the present 
invention; 

FIG. 3 is a horizontal view of a fluidized-bed gasifi- 
cation and combustion furnace according to 
another embodiment of the present invention; 
FIG. 4 is a schematic diagram of a fluidized-bed 
gasification and combustion furnace according to 
the present invention which is used by being com- 
bined with a waste heat boiler and a steam turbine; 
FIG. 5 is a schematic diagram of a system in which 
a fluidized-bed gasification and combustion furnace 
according to the present invention is operated 
under a pressure equal to or higher than an atmos- 
pheric pressure; 

FIG. 6 is a vertical cross-sectional view of a cylindri- 
cal fluidized-bed gasification and combustion fur- 
nace according to an embodiment of the present 
invention; 

FIG. 7 is a horizontal cross-sectional view of a fluid- 
ized-bed portion of FIG. 6; 

FIG. 8 is a schematic view of a cylindrical fluidized- 
bed gasification and combustion furnace according 
to the present invention which is used by being 
combined with a waste heat boiler and a steam tur- 
bine; 

FIG. 9 is a schematic view of a system in which a 
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cylindrical fluidized-bed gasification and combus- 
tion furnace according to the present invention is 
operated under a pressure equal to or higher than 
an atmospheric pressure; 

FIG. 10 is a cross-sectional view showing a detailed s 
structure of a first partition wall and a second parti- 
tion wall according to the present invention; 
FIG. 1 1 is a vertical cross-sectional view of a cylin- 
drical fluidized-bed gasification and combustion fur- 
nace; 10 
FIG. 12 is a horizontal cross-sectional view of a flu- 
idized-bed portion; 

FIG. 13 is a vertical cross-sectional view of an 
atmospheric fluidized-bed coal boiler which is a 
kind of the fluidized-bed gasification and combus- is 
tion furnace according to the present invention; 
FIG. 14 is a schematic view of a topping-cycle sys- 
tem incorporating a conventional pressurized com- 
bustion furnace; 

FIG. 15 is a graph showing the relationship 20 
between the heat transfer coefficient of the 
immersed heat transfer tubes and the mass velocity 
of f luidizing gas; and 

FIG. 1 6 is a schematic view of a conventional fluid- 
ized-bed coal boiler. 25 

Best Mode for Carrying Out the Invention 

[0054] FIG. 1 is a vertical cross-sectional view of a 
fluidized-bed gasification and combustion furnace 
according to the present invention. A fluidized-bed fur- 
nace 1 according to this embodiment has a substantially 
rectangular shape in a horizontal cross-section. As 
shown in FIG. 1 , the interior of the fluidized-bed furnace 
1 is divided into a gasification furnace 3 and a combus- 
tion furnace 4 by a first partition wall 2. The first partition 
wall 2 has an upper opening 37 and a lower opening 38, 
and the gasification furnace 3 and the combustion fur- 
nace 4 connect with each other through the upper and 
lower openings 37, 38. The gasification furnace 3 has a 
gas discharging port 49 from which a produced gas 50 
is discharged. 

[0055] On the other hand, the combustion furnace 4 
is further divided into a main combustion chamber 6 and 
a heat recovery chamber 7 by a second partition wall 5. 
However, the interior of the combustion furnace 4 is not 
divided at upper part thereof, and the main combustion 
chamber and the heat recovery chamber are integrated 
in a freeboard section. Therefore, combustion exhaust 
gases discharged from the respective chambers are 
mixed with each other in the freeboard section, and then 
discharged as a combustion exhaust gas 52 from a gas 
discharging port 51. Heat transfer surfaces 46 are 
immersed in a fluidized-bed in the heat recovery cham- 
ber 7 to recover heat from a f luidized medium in the flu- 
idized-bed. The second partition wall 5 has a lower 
opening 40, and the fluidized medium can move 
between the main combustion chamber 6 and the heat 



recovery chamber 7 through the lower opening 40 and 
an upper opening 39. 

[0056] The gasification furnace 3 has furnace bot- 
toms 27, 28 at the lower part thereof, and wind boxes 8, 
9 are provided under the furnace bottoms 27, 28. Fluid- 
izing gases 18, 19 are introduced into the wind boxes 8, 
9 through supplying ports 13, 14. On the other hand, dif- 
fusion devices 32, 33 are provided on the furnace bot- 
toms 27, 28, respectively. A fluidizing gas is ejected 
from the diffusion device 32 so as to have a substan- 
tially low fluidizing velocity, thus forming a weak fluidiz- 
ing region 41 of the fluidized medium over the furnace 
bottom 27. A fluidizing gas is ejected from the diffusion 
device 33 so as to have a substantially high fluidizing 
velocity, thus forming an intense fluidizing region 42 of 
the fluidized medium over the furnace bottom 28. 
[0057] Since the two different fluidizing regions are 
formed in the fluidized-bed of the gasification furnace 3, 
a revolving flow in which the fluidized medium descends 
in the weak fluidizing region 41 and ascends in the 
intense fluidizing region 42 is created. 
[0058] On the other hand, in the combustion fur- 
nace 4 also, the main combustion chamber 6 has fur- 
nace bottoms 29, 30 at the lower part thereof, and wind 
boxes 10, 11 are provided under the furnace bottoms 
29. 30. Fluidizing gases 20. 21 are introduced into the 
wind boxes 10, 11 through supplying ports 15, 16. Fur- 
ther, diffusion devices 34. 35 are provided on the fur- 
nace bottoms 29, 30, respectively. A fluidizing gas is 
ejected from the diffusion device 34 so as to have a sub- 
stantially low fluidizing velocity, thus forming a weak flu- 
idizing region 43 of the fluidized medium over the 
furnace bottom 29. A fluidizing gas is ejected from the 
diffusion device 35 so as to have a substantially high flu- 
idizing velocity, thus forming an intense fluidizing region 
44 of the fluidized medium over the furnace bottom 30. 
[0059] Since the two different fluidizing regions are 
formed in the fluidized-bed of the main combustion 
chamber 6, a revolving flow in which the fluidized 
medium descends in the weak fluidizing region 43 and 
ascends in the intense fluidizing region 44 is created. 
[0060] On the other hand, the heat recovery cham- 
ber 7 has a furnace bottom 31 at the lower part thereof, 
and a wind box 12 is provided under the furnace bottom 
31 . A fluidizing gas 22 is introduced into the wind box 12 
through a supplying port 17. Further, a diffusion device 
36 is provided on the furnace bottom 31 . Af luidizing gas 
is ejected from the diffusion device 36 so as to have a 
substantially low fluidizing velocity, thus forming a weak 
fluidizing region 45 of the fluidized medium over the fur- 
nace bottom 31. 

[0061 ] As described above, by combining a plurality 
of different fluidizing regions having different fluidizing 
velocity, the following flows are created. 
[0062] In the fluidized-bed of the gasification fur- 
nace 3, the fluidized medium descends with a descend- 
ing flow 55 in the weak fluidizing region 41 , and turns its 
direction in the vicinity of the furnace bottom 27 to a hor- 
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izontal flow 56 directed to the intense fluidizing region 
42, and then turns its direction further to an upward flow 
57 in the intense fluidizing region 42. Further, in the 
vicinity of the surface of the fluidized-bed, the upward 
flow 57 of the fluidized medium is divided into a flow 58 
directed to the weak fluidizing region 41 and a branched 
flow 59 passing through the opening 37 of the first par- 
tition wall 2 and directed to the combustion furnace 4. 
[0063] Therefore, in the fluidized-bed of the gasifi- 
cation furnace 3, a revolving flow in which the fluidized 
medium descends in the weak fluidizing region 41 and 
ascends in the intense fluidizing region 42 is created, 
and part of the fluidized medium is introduced into the 
main combustion chamber 6 through the opening 37 at 
the upper portion of the first partition wall. 
[0064] On the other hand, in the main combustion 
chamber 6 also, the weak fluidizing region 43 of the flu- 
idized medium is formed over the furnace bottom 29, 
and the intense fluidizing region 44 is formed over the 
furnace bottom 30, and hence in the fluidized-bed of the 
main combustion chamber 6 also, the fluidized medium 
descends with the descending flow 60 in the weak fluid- 
izing region 43. Then, in the vicinity of the furnace bot- 
tom 29, part of the fluidized medium is returned to the 
gasification furnace 3 with a return flow 67 passing 
through the lower opening 38 of the first partition wall 2, 
and the remainder forms a horizontal flow 61 directed to 
the intense fluidizing region 44, and then forms an 
upward flow 62 further in the intense fluidizing region 
44. On the other hand, in the vicinity of the surface of 
the fluidized-bed, the upward flow 62 of the fluidized 
medium is divided into a flow 63 directed to the weak 
fluidizing region 43 and a branched flow 64 passing 
through the upper opening 39 of the second partition 
wall 5 and directed to the heat recovery chamber 7. 
[0065] Therefore, in the fluidized-bed of the com- 
bustion furnace 4, a revolving flow in which the fluidized 
medium descends in the weak fluidizing region 43 and 
ascends in the intense fluidizing region 44 is created, 
and part of the fluidized medium is introduced into the 
heat recovery chamber 7 beyond the upper end of the 
second partition wall 5. 

[0066] Further, since the weak fluidizing region 45 
is formed in the heat recovery chamber 7, a descending 
flow 65 of the fluidized medium is formed therein, and 
then the fluidized medium is returned to the main com- 
bustion chamber 6 with a return flow 66 passing through 
the lower opening 40 of the second partition wall 5. In 
this manner, in the f luidized-beds in the gasification fur- 
nace 3, the main combustion chamber 6 of the combus- 
tion furnace 4, and the heat recovery chamber 7 of the 
combustion furnace 4, the respective revolving flows 
are formed therein and a circulating flow is formed 
between adjacent f luidized-beds. 
[0067] Therefore, a combustible material supplying 
port 47 is provided above the weak fluidizing region 41 
of the gasification furnace 3, and combustible material 
48 is supplied therethrough to the weak fluidizing region 



41. The supplied combustible material 48 is swallowed 
into the fluidized-bed of the gasification furnace 3 by the 
descending flow 55, and then uniformly distributed and 
mixed with the fluidized medium by the revolving flow, 

5 and partially combusted and gasified. The oxygen con- 
tent of the fluidizing gas supplied to the furnace bottom 
of the gasification furnace 3 is set to the amount of oxy- 
gen equal to or smaller than a theoretical oxygen 
demand of the supplied combustible material 48. The 

10 fluidizing gas comprises any one of air, steam, oxygen 
and combustion exhaust gas. or a mixture of two or 
more of them, 

[0068] On the other hand, the fluidized medium 
containing unburned char is introduced into the main 

is combustion chamber 6 by the branched flow 59 and 
swallowed into the fluidized-bed by the descending flow 
60, and unburned char is then uniformly distributed and 
mixed by the revolving flow, and completely combusted 
in an oxidizing atmosphere. As shown in FIG. 1 , when 

20 necessary, a fuel supplying port 68 is provided above 
the weak fluidizing region 43, and auxiliary fuel 69 may 
be supplied therethrough to the weak fluidizing region 
43. 

[0069] Further, a plurality of nozzles 53 are pro- 

25 vided at the freeboard to supply secondary air 54 for 
performing complete combustion, if necessary. 
[0070] The quantity of heat generated by combus- 
tion in the main combustion chamber 6 of the combus- 
tion furnace 4 is partly introduced into the gasification 

30 furnace 3 by the return flow 67 passing through the 
lower opening 38 of the first partition wall 2 to serve as 
a heat source for gasification, and further partly intro- 
duced into the heat recovery chamber 7 by the circulat- 
ing flow in which the fluidized medium passes through 

35 the upper opening 39 of the second partition wall as the 
branched flow 64 and then descends as the, descend- 
ing flow 65. and passes through the heat recovery 
chamber 7 and returns to the main combustion chamber 
6 through the opening 40 of the second partition wall 

40 whereby part of the quantity of heat generated by com- 
bustion in the main combustion chamber 6 is removed 
by the heat transfer surfaces 46. 
[0071] In this manner, the energy of combustible 
material supplied to the system is partly converted to 

45 gas having chemical energy, and components which are 
difficult to be gasified are effectively recovered as ther- 
mal energy at a high efficiency. 

[0072] Further, combustible material supplied to the 
furnace mostly contains incombustible material. There- 

50 fore, in this embodiment, an incombustible material dis- 
charging port 23 is provided between the furnace 
bottom 28 of the gasification furnace 3 and the furnace 
bottom 29 of the combustion furnace 4 for discharging 
incombustible material 25 therethrough. Further, in 

55 case where the auxiliary fuel 69 contains incombustible 
material, as in this embodiment, an incombustible mate- 
rial discharging port 24 is provided between the furnace 
bottom 30 of the main combustion chamber 6 and the 
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furnace bottom 31 of the heat recovery chamber 7 for 
discharging incombustible material 26 therethrough. 
Further, in order to facilitate discharge of the incombus- 
tible material, it is desirable that the respective furnace 
bottoms have downwardly inclined surfaces which are 5 
directed to the discharging port. The first partition wall 2 
forming a boundary between the gasification furnace 3 
and the combustion furnace 4 has an inclined surface 
2a inclined toward the gasification furnace in the gasifi- 
cation furnace side, and a vertical surface in the com- 10 
bustion furnace side. In the combustion furnace 4, the 
second partition wall 5 forming a boundary between the 
main combustion chamber 6 and the heat recovery 
chamber 7 has an inclined surface 5a inclined toward 
the main combustion chamber in the main combustion 75 
chamber side, and a vertical surface in the heat recov- 
ery chamber side. Incidentally, the inclined surfaces 2a, 
5a may be replaced with vertical surfaces, respectively. 
[0073] FIG. 2 is a vertical cross-sectional view of a 
fluidized-bed gasification and combustion furnace 20 
according to the present invention. As shown in FIG. 2, 
the interior of the fluidized-bed furnace 1 is divided into 
a gasification furnace 3 and a combustion furnace 4 by 
a first partition wall 2. The first partition wall 2 has an 
upper opening 37 and a lower opening 38, and the gas- 25 
if ication furnace 3 and the combustion furnace 4 com- 
municate with each other through the upper and lower 
openings 37, 38. The first partition wall 2 forming a 
boundary between the gasification furnace 3 and the 
combustion furnace 4 may have an inclined surface or a 30 
vertical surface as in the first embodiment The second 
partition wall 5 may have the same structure. The gasi- 
fication furnace 3 has a gas discharging port 49 from 
which a produced gas 50 is discharged. 
[0074] On the other hand, the combustion furnace 4 35 
is further divided into a main combustion chamber 6 and 
a heat recovery chamber 7 by a second partition wall 5. 
However, the interior of the combustion furnace 4 is not 
divided at upper part thereof, and the main combustion 
chamber and the heat recovery chamber are integrated 40 
in a freeboard section. Therefore, combustion exhaust 
gases discharged from the respective chambers are 
mixed with each other in the freeboard section, and are 
then discharged as a combustion exhaust gas 52 from a 
gas discharging port 51 . Heat transfer surfaces 46 are 45 
immersed in a fluidized-bed in the heat recovery cham- 
ber 7 to recover heat from a f luidized medium in the flu- 
idized-bed. The second partition wall 5 has a lower 
opening 40, and the fluidized medium can move 
between the main combustion chamber 6 and the heat so 
recovery chamber 7 through the lower opening 40 and 
an upper opening 39. 

[0075] The gasification furnace 3 has furnace bot- 
toms 27, 28 at the lower part thereof, and wind boxes 8. 
9 are provided under the furnace bottoms 27. 28. Fluid- ss 
izing gases 18a, 19a are introduced into the wind boxes 
8. 9 through supplying ports 13, 14. Further, diffusion 
devices 32, 33 are provided on the furnace bottoms 27, 
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28, respectively. A f luidizing gas is ejected from the dif- 
fusion device 32 so as to have a substantially high f luid- 
izing velocity, thus forming an intense fluidizing region 
41a of the fluidized medium over the furnace bottom 27. 
A fluidizing gas is ejected from the diffusion device 33 
so as to have a substantially low fluidizing velocity, thus 
forming a weak fluidizing region 42a of the fluidized 
medium over the furnace bottom 28. 
[0076] Since the two different fluidizing regions are 
formed in the fluidized-bed of the gasification furnace 3, 
a revolving flow in which the fluidized medium ascends 
in the intense fluidizing region 41a and descends in the 
weak fluidizing region 42a is created. 
[0077] On the other hand, in the combustion fur- 
nace 4 also, the main combustion chamber 6 has fur- 
nace bottoms 29, 30. 1 30a at the lower part thereof, and 
wind boxes 10. 1 1 . 1 1 1a are provided under the furnace 
bottoms 29, 30, 130a. Fluidizing gases 20a, 27a, 21a 
are introduced into the wind boxes 1 0, 1 1 , 1 1 1 a through 
supplying ports 15, 16, 116a. Further, diffusion devices 
34, 35, 135a are provided on the furnace bottoms 29, 

30, 130a, respectively. Fluidizing gases are ejected 
from the diffusion devices 34, 35 so as to have a sub- 
stantially high fluidizing velocity, thus forming intense 
fluidizing regions 162a, 62a of the fluidized medium 
over the furnace bottoms 29, 30. A fluidizing gas is 
ejected from the diffusion device 135a so as to have a 
substantially low fluidizing velocity, thus forming a weak 
fluidizing region 43a of the fluidized medium over the 
furnace bottom 130a. 

[0078] Since the two different fluidizing regions are 
formed in the fluidized-bed of the main combustion 
chamber 6, revolving flows in which the fluidized 
medium descends in the weak fluidizing region 44a and 
ascends in the intense fluidizing regions 43a, 43a are 
created. 

[0079] On the other hand, the heat recovery cham- 
ber 7 has a furnace bottom 31 at the lower part thereof, 
and a wind box 12 is provided under the furnace bottom 

31. A fluidizing gas 22 is introduced into the wind box 12 
through a supplying port 17. Further, a diffusion device 
36 is provided on the furnace bottom 31 . A fluidizing gas 
is ejected from the diffusion device 36 so as to have a 
substantially low fluidizing velocity, thus forming a weak 
fluidizing region 45 of the fluidized medium over the fur- 
nace bottom 31 . 

[0080] As described above, by combining a plurality 
of different fluidizing regions having different fluidizing 
velocity, the following flows are created. 
[0081] In the fluidized-bed of the gasification fur- 
nace 3, the fluidized medium descends with a descend- 
ing flow 57a in the weak fluidizing region 42a. and turns 
its direction in the vicinity of the furnace bottom 28 to a 
horizontal flow 56a directed to the intense fluidizing 
region 41a, and then turns its direction further to an 
upward flow 55a in the intense fluidizing region 41 a. On 
the other hand, in the vicinity of the furnace bottom 28. 
the descending flow 57a of the fluidized medium is 
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divided into a flow 56a directed to the intense f luidizing 
region 41a and a branched flow 60a passing through 
the opening 38 of the first partition wall 2 and directed to 
the combustion furnace 4. 

[0082] Therefore, in the fluidized-bed of the gasifi- 
cation furnace 3, a revolving flow in which the fluidized 
medium descends in the weak f luidizing region 42a and 
ascends in the intense f luidizing regions 41a is created, 
and part of the fluidized medium is introduced into the 
main combustion chamber 6 through the opening 38 at 
the lower part of the first partition wall. 
[0083] !n the main combustion chamber 6 also, the 
intense fluidizing regions 43a of the fluidized medium 
are formed over the furnace bottoms 29, 30, and the 
weak fluidizing region 44a is formed over the furnace 
bottom 130a, and hence in the fluidized-bed of the main 
combustion chamber 6 also, the fluidized medium 
descends with the descending flow 70a in the weak flu- 
idizing region 44a. Then, in the vicinity of the surface of 
the fluidized-bed, part of the fluidized medium is 
returned to the gasification furnace 3 with a branched 
flow 59a passing through the upper opening 37 of the 
first partition wall 2, and the remainder forms a horizon- 
tal flow 171a directed to the weak fluidizing region 44a, 
and then forms a descending flow 70a further in the 
weak fluidizing region 44a. On the other hand, in the 
vicinity of the surface of the fluidized-bed, the upward 
flow 62a of the fluidized medium is divided into a flow 
71a directed to the weak fluidizing region 44a and a 
branched flow 64 passing through the upper opening 39 
of the second partition wall 5 and directed to the heat 
recovery chamber 7. 

[0084] Therefore, in the fluidized-bed of the main 
combustion chamber 6 of the combustion furnace 4, 
revolving flows in which the fluidized medium descends 
in the weak fluidizing region 44a and ascends in the 
intense fluidizing regions 43a are created, and part of 
the fluidized medium is introduced into the heat recov- 
ery chamber 7 beyond the upper end of the second par- 
tition wall 5, and further, part of the fluidized medium is 
introduced into the gasification furnace 3 through the 
upper opening 37 of the first partition wall 2. 
[0085] Since the weak fluidizing region 45 is formed 
in the heat recovery chamber 7, a descending flow 65 of 
the fluidized medium is formed therein, and then the flu- 
idized medium is returned to the main combustion 
chamber 6 with a return flow 66 passing through the 
lower opening 40 of the second partition wall 5. tn this 
manner, in the f luidized-beds in the gasification furnace 
3 and the main combustion chamber 6 of the combus- 
tion furnace 4, the respective revolving flows are formed 
therein and a circulating flow is formed between adja- 
cent two f luidized-beds. In the heat recovery chamber 7 
of the combustion furnace 4, a descending flow is 
formed therein and a circulating flow is formed between 
the heat recovery chamber 7 and the main combustion 
chamber 6. 

[0086] Therefore, a combustible material supplying 



port 47 is provided above the weak fluidizing region 42a 
of the gasification furnace 3, and combustible material 
48 is supplied therethrough to the weak fluidizing region 
42a. The supplied combustible material is swallowed 

5 into the fluidized-bed of the gasification furnace 3 by the 
descending flow 57a, and then uniformly distributed and 
mixed with the fluidized medium by the revolving flow, 
and partially combusted and gasified. The oxygen con- 
tent of the fluidizing gas supplied to the furnace bottom 

10 of the gasification furnace 3 is set to the amount of oxy- 
gen equal to or smaller than a theoretical oxygen 
demand of the supplied combustible material 48. The 
fluidizing gas comprises any one of air, steam, oxygen 
and combustion exhaust gas, or a mixture of two or 

75 more of them. 

[0087] On the other hand, the fluidized medium 
containing unbumed char is introduced into the main 
combustion chamber 6 by the branched flow 60a, and 
unburned char is then uniformly distributed and mixed 

20 by the revolving flow, and completely combusted in an 
oxidizing atmosphere. As shown in FIG. 2, if necessary, 
a fuel supplying port 68 is provided above the main 
combustion chamber 6, and auxiliary fuel 69 may be 
supplied therethrough to the main combustion chamber 

25 6. 

[0088] Further, a plurality of nozzles 53 are pro- 
vided at the freeboard to supply secondary air 54 for 
complete combustion, when necessary. The quantity of 
heat generated by combustion in the main combustion 

30 chamber 6 of the combustion furnace 4 is partly intro- 
duced into the gasification furnace 3 by the branched 
flow 59a passing through the upper opening 37 of the 
first partition wall 2 to serve as a heat source for gasifi- 
cation, and further partly introduced into the heat recov- 

35 ery chamber 7 by the circulating flow in which the 
fluidized medium passes through the upper opening 39 
of the second partition wall as the branched flow 64 and 
then descends as the descending flow 65, and passes 
through the heat recovery chamber 7 and returns to the 

40 main combustion chamber 6 through the opening 40 of 
the second partition wall whereby part of the quantity of 
heat generated by combustion in the main combustion 
chamber 6 is taken out by the heat transfer surfaces 46. 
[0089] In this manner, the energy of combustible 

45 material supplied to the system is partly converted to 
the gas having chemical energy, and components which 
are difficult to be gasified is effectively recovered as 
thermal energy at a high efficiency. 
[0090] Further, combustible material supplied to the 

so furnace contains mostly incombustible material. There- 
fore, in this embodiment, an incombustible material dis- 
charging port 23 is provided between the furnace 
bottom 28 of the gasification furnace 3 and the furnace 
bottom 29 of the combustion furnace 4 for discharging 

55 incombustible material 25 therethrough. Further, in 
case where the auxiliary fuel 69 contains incombustible 
material, as in this embodiment, an incombustible mate- 
rial discharging port 24 is provided between the furnace 
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bottom 30 of the main combustion chamber 6 and the 
furnace bottom 31 of the heat recovery chamber 7 for 
discharging incombustible material 26 therethrough. 
Further, in order to facilitate discharge of the incombus- 
tible material, it is desirable that the respective furnace 
bottoms have downwardly inclined surfaces which are 
directed to the discharging port. 
[0091] FIG. 3 shows a fluidized-bed gasification 
and combustion furnace according to another embodi- 
ment different from the embodiments shown in FIGS. 1 
and 2. In the embodiments shown in FIGS. 1 and 2, the 
gasification furnace 3, the main combustion chamber 6 
and the heat recovery chamber 7 each having a rectan- 
gular shape in a horizontal cross-section are arrayed in 
a straight line, but in the embodiment shown in FIG. 3, 
they are arrayed at right angles to one another. FIG. 3 is 
a horizontal cross-sectional view of a fluidized-bed gas- 
ification and combustion furnace according to the 
present invention. As shown in FIG. 3, the interior of the 
fluidized-bed furnace 1 is divided into a gasification fur- 
nace 3 and a combustion furnace 4 by a first partition 
wall 2. 

[0092] On the other hand, the combustion furnace 4 
is divided into a main combustion chamber 6 and a heat 
recovery chamber 7 by a second partition wall 5. How- 
ever, differently from the embodiment shown in FIG. 1. 
the first partition wall 2 and the second partition wall 5 
are located at the same level and the gasification fur- 
nace 3 and the heat recovery chamber 7 are adjacent to 
each other with a third partition wall 70 interposed ther- 
ebetween. Incidentally, the third partition wall 70 has no 
opening, and the gasification furnace 3 and the heat 
recovery chamber 7 are completely separated from 
each other. 

[0093] Further, the fluidized-bed, as in the embodi- 
ment shown in FIG. 1 , has regions having respective flu- 
idizing velocity, and hence in the fluidized-bed of the 
gasification furnace 3, a revolving flow in which the f lu- 
idized medium descends in the weak fluidizing region 
41 and ascends in the intense fluidizing region 42 is cre- 
ated, and part of the fluidized medium is moved to the 
main combustion chamber 6 by a branched flow. 
[0094] In the main combustion chamber 6 also, a 
revolving flow in which the fluidized medium descends 
in the weak fluidizing region 43 and ascends in the 
intense fluidizing region 44 is created, and part of the 
fluidized medium is moved to the heat recovery cham- 
ber 7 by a branched flow 64. However, different from the 
embodiment shown in FIG. 1 , the revolving face of the 
revolving flow in the main combustion chamber 6 is per- 
pendicular to the revolving face of the revolving flow in 
the gasification furnace 3. Further, the circulating face 
of the circulating flow between the main combustion 
chamber 6 and the heat recovery chamber 7 is perpen- 
dicular to the revolving face of the revolving flow in the 
main combustion chamber 6. By this arrangement, the 
fluidized-bed furnace 1 has a substantially square in a 
horizontal cross-section which is advantageous in man- 



ufacturing and constructing the plant. 
[0095] FIG. 4 shows a cylindrical fluidized-bed gas- 
ification and combustion furnace according to an 
embodiment of the present invention which is used by 

5 being combined with a waste heat boiler and a steam 
turbine. As shown in FIG. 4, the produced gas dis- 
charged from the gas discharging port 49 of the gasifi- 
cation furnace 3 and the combustion exhaust gas 
discharged from the gas discharging port 51 of the com- 

10 bustion furnace 4 are led to a slagging combustion fur- 
nace 101, and tangentially blown into a cylindrical, 
primary combustion chamber 102. Auxiliary fuel 104, 
when necessary, is supplied to the primary combustion 
chamber 102 and a secondary combustion chamber 

15 103, and oxygen or air or a mixture of oxygen and air is 
supplied thereto, and hence the auxiliary fuel 104 is 
combusted at a temperature ranging from 1200 to 
150°C. As a result, ashes are melted, and harmful sub- 
stances such as dioxins or PCB are decomposed by a 

20 high temperature. Melting ashes 106 are discharged 
from the discharging port 105, quenched, in a water 
chamber 107 to be converted into a slag 108 which is 
discharged therefrom. 

[0096] On the other hand, combustion gas having a 

25 high temperature discharged from the slagging com- 
bustion furnace 101 is cooled by a waste heat boiler 
109, an economizer 110 and an air preheater 111 one 
by one. and is discharged to the atmosphere through a 
dust collector 1 12 and an induced draft fan 1 13. A neu- 

30 tratizer 114 such as slaked lime, if necessary, is added 
to the combustion gas discharged from the air preheater 
1 1 1 at the inlet of the dust collector 1 12. 
[0097] Further, a boiler f eedwater 1 1 6 is converted 
into a superheated steam 121 in the waste heat boiler 

35 109 via the economizer 110, and the superheated 
steam 121 drives a steam turbine. Further, gas 115 for 
combustion comprises oxygen or air or a mixture of oxy- 
gen and air, and is heated by the air preheater 111, and 
then supplied to the slagging combustion furnace 101 

40 and the freeboards of the combustion furnace 4. Fur- 
ther, not illustrated in the drawing, it is possible to use 
the gas 115 as the fluidizing gases 18-22. Further, 
steam obtained by the immersed heat transfer tubes 46 
drives a medium-pressure turbine or a low-pressure tur- 

45 bine. 

[0098] Further, not illustrated in the drawing, ashes 
117, 1 18 discharged from the waste heat boiler 109, the 
economizer 110 and the air preheater 111 may be 
returned to the combustion furnace 4. 
so [0099] On the other hand, fly ash 119 collected by 
the dust collector 112. if they contain alkali metal salt 
such as vaporized Na or K, are treated by chemicals in 
treatment equipment 120. 

[0100] FIG. 5 is a view of a fluidized-bed gasifica- 
55 tion and combustion furnace according to an embodi- 
ment of the present invention which is operated under a 
pressure equal to or higher than an atmospheric pres- 
sure. 
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[0101] Not illustrated in FIG. 5. a fluidized-bed fur- 
nace 1 may have itself a pressure-tight structure. How- 
ever, since the structure in which heat-resisting function 
and pressure-tight function are separated from each 
other is advantageous, in this embodiment, the fluid- 
ized-bed furnace 1 is housed in a pressure vessel 201 , 
and the gasification furnace 3 and the combustion fur- 
nace 4 can be operated under a pressure equal to or 
higher than an atmospheric pressure. 
[0102] The discharging port 51 for the combustion 
gas from the combustion furnace 4, the discharging port 
49 for the produced gas from the gasification furnace 3, 
the combustible material supplying port 47 of the gasifi- 
cation furnace 3, the secondary air supplying port 53 of 
the combustion furnace 4, the fluidizing gas supplying 
lines, and the incombustible material discharging line, 
and the like pass through the pressure vessel 201 . 
[0103] In this embodiment combustible materia! 48 
is supplied to the gasification furnace 3, and gasified by 
partial combustion. The method for supplying the com- 
bustible material is carried out by a screw feeder shown 
in the drawing, and may be carried out by pneumatic 
transportation. Alternatively, combustible material may 
be supplied in a slurry condition. 
[0104] Unburned char generated in the gasification 
furnace 3 and accompanied by the produced gas is 
cooled to a temperature of 600°C or lower in a gas 
apparatus 202 provided at its downstream, and alkali 
metal such as Na or K which will cause hot corrosion of, 
for example, gas turbine blades is solidified or deposited 
onto surfaces of particles. The solidified particles or 
deposited particles are collected by a dust collector 205 
and discharged therefrom. The dust collectors 203, 205 
may comprise a ceramic filter in many cases, but other 
types of dust collectors may be used. 
[01 05] The combustion gas which has been purified 
by removing Na or K which will cause hot corrosion, and 
the produced gas which has been purified by removing 
dust with the dust collector 203 downstream of the gas- 
ification furnace 3 are mixed and combusted in the com- 
bustor 206. In this case, the respective gases are 
cooled, and therefore thermal energy which is brought 
into the combustor 206 is lowered by this gas cooling. 
Thus, in order to combust the gases in the combustor 
206 at a high temperature, the combustion furnace 4 is 
operated at excess air ratio as small as possible to 
thereby reduce the amount of combustion exhaust gas. 
Oxygen required for combustion in the combustor 206 is 
supplied to the combustor 206 as oxygen 207. 
[0106] The combustion exhaust gas having a high 
temperature and a high pressure discharged from the 
combustor 206 drives a gas turbine 209 at a high effi- 
ciency. The gas turbine 209 drives a compressor 210 
and a generator 21 1 . 

[0107] The exhaust gas discharged from the gas 
turbine 209 is cooled in heat recovery equipment 212, 
and then discharged to the atmosphere. Incidentally, in 
this embodiment, if material of turbine blades is 



improved, the gas cooling apparatuses 202, 204 may be 
removed. 

[0108] On the other hand, in case of using coal as 
combustible material 48, desulfurizing reaction is car- 

5 ried out in the furnace by mixing coal with limestone 214 
or supplying the limestone 214 separately to the fur- 
nace. That is, hydrogen sulfide H 2 S generated in the 
gasification furnace 3 is caused to react with CaO to 
generate CaS by desulfurizing reaction, and the gener- 

10 ated CaS is supplied to the dust collector 203 together 
with the produced gas and collected therein, and then 
the collected CaS is supplied to the main combustion 
chamber 6. 

[0109] Further, the fluidized medium containing 

15 unburned char and CaS is introduced into the main 
combustion chamber 6 by a branched flow passing 
through the opening at the upper part of the first parti- 
tion wall of the gasification furnace 3. In the main com- 
bustion chamber 6, the fluidized medium containing 

20 unburned char and CaS is swallowed into the fluidized- 
bed by a descending flow, and the unburned char is uni- 
formly distributed and mixed by the revolving flow, and 
completely combusted in an oxidizing atmosphere, 
while CaS is converted into CaS0 4 and the converted 

26 CaS0 4 accompanied by combustion exhaust gas is 
supplied to the dust collector 205 in which CaS0 4 is col- 
lected and discharged therefrom. In case where the 
desulfurizing reaction is insufficiently carried out in the 
gasification furnace 3, an additional desulfurizing equip- 

30 ment 213 may be provided downstream of the gasifica- 
tion furnace. 

[01 1 0] FIG. 6 is a partially cross-sectional view of a 
cylindrical fluidized-bed gasification and combustion 
furnace according to the present invention. FIG. 7 

35 shows a horizontal cross-section of a fluidized-bed por- 
tion. Further, in FIG. 6, a vertical cross-section in the flu- 
idized-bed portion corresponds to a portion as viewed 
from line a-a of FIG. 7. Here, the description is made 
with reference to FIGS. 6 and 7. 

40 [01 1 1 ] In the embodiment shown in FIGS. 6 and 7, 
elements (or components) having the same or similar 
functions as the elements (or components) in the 
embodiment shown in FIG. 1 will be described using the 
same reference numerals. 

45 [0112] An interior of a cylindrical fluidized-bed fur- 
nace 1 is divided into a gasification furnace 3 and an 
annular combustion furnace 4 by a first partition wall 2 
which is concentric with an outer wall of the furnace. 
The first partition wall 2 has a plurality of upper rectan- 

50 gular openings 37 and a plurality of lower rectangular 
openings 38, and the gasification furnace 3 and the 
combustion furnace 4 communicate with each other 
through the upper and lower openings 37, 38. The first 
partition wall 2 forming a boundary between the gasifi- 

55 cation furnace 3 and the combustion furnace 4 has an 
inclined surface inclined to the gasification furnace in 
the gasification furnace side, and a vertical surface in 
the combustion furnace side, not shown in FIG. 6 but 
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shown in FIG. 10. The gasification furnace 3 has a gas 
discharging port 49 from which a produced gas 50 is 
discharged to the outside. 

[01 1 3] On the other hand, the combustion furnace 4 
is further divided into a plurality of main combustion s 
chambers 6 and a plurality of heat recovery chambers 7 
by a plurality of second partition walls 5 extending radi- 
ally. However, the interior of the combustion furnace 4 is 
not divided at upper part thereof, and the main combus- 
tion chambers and the heat recovery chambers are inte- 10 
grated in a freeboard section. Therefore, combustion 
exhaust gases discharged from the respective cham- 
bers are mixed with one another in the freeboard sec- 
tion, and then discharged as a combustion exhaust gas 
52 from a gas discharging port 51 to the outside. Heat 15 
transfer surfaces 46 are immersed in the fluidized-bed 
in the respective heat recovery chambers 7 to recover 
heat from the fluidized medium in the fluidized-bed. 
Each of the second partition walls 5 has a lower opening 
40, and the fluidized medium can move between the so 
main combustion chamber 6 and the heat recovery 
chamber 7 through the lower opening 40 and an upper 
opening 39. 

[01 1 4] The gasification furnace 3 has a furnace bot- 
tom 27 at the lower central part thereof and an annular 25 
furnace bottom 28 so as to surround the furnace bottom 
27, and wind boxes 8, 9 are provided under the furnace 
bottoms 27, 28. Fiuidizing gases 18, 19 are introduced 
into the wind boxes 8, 9 through supplying ports 1 3, 14. 
Further, diffusion devices 32, 33 are provided on the fur- 30 
nace bottoms 27, 28, respectively. A fiuidizing gas is 
ejected from the diffusion device 32 so as to have a sub- 
stantially low fiuidizing velocity, thus forming a weak fiu- 
idizing region 41 of the fluidized medium over the 
furnace bottom 27. A fiuidizing gas is ejected from the 35 
diffusion device 33 so as to have a substantially high fiu- 
idizing velocity, thus forming an intense fiuidizing region 
42 of the fluidized medium over the furnace bottom 28. 
[01 1 5] Since the two different fiuidizing regions are 
formed in the fluidized-bed of the gasification furnace 3, 40 
a revolving flow in which the fluidized medium ascends 
in the intense fiuidizing region 42 having an annular 
area in the peripheral portion of the furnace, and flows 
in the central portion of the furnace, and then descends 
in the weak fiuidizing region 41 having a central cylindri- 45 
cal area in the central portion of the furnace is created. 
[0116] On the other hand, in the combustion fur- 
nace 4 also, the main combustion chamber 6 has fur- 
nace bottoms 29, 30 at the lower part thereof, and wind 
boxes 10, 11 are provided under the furnace bottoms so 
29, 30. Fiuidizing gases 20, 21 are introduced into the 
wind boxes 10, 1 1 through supplying ports 15, 16. Fur- 
ther, diffusion devices 34, 35 are provided on the fur- 
nace bottoms 29. 30, respectively. A fiuidizing gas is 
ejected from the diffusion device 34 so as to have a sub- 55 
stantially low fiuidizing velocity, thus forming a weak fiu- 
idizing region 43 of the fluidized medium over the 
furnace bottom 29. A fiuidizing gas is ejected from the 



diffusion device 35 so as to have a substantially high fiu- 
idizing velocity, thus forming an intense fiuidizing region 
44 of the fluidized medium over the furnace bottom 30. 
[01 171 Since the two different fiuidizing regions are 
formed in the fluidized-bed of the main combustion 
chamber 6, a revolving flow in which the fluidized 
medium descends in the weak fiuidizing region 43 and 
ascends in the intense fiuidizing region 44 is created. 
[01 18] Further, the heat recovery chamber 7 has a 
furnace bottom 31 at the lower part thereof, and a wind 
box 1 2 is provided under the furnace bottom 31 . A fiuid- 
izing gas 22 is introduced into the wind box 12 through 
a supplying port 1 7. Further, a diffusion device 36 is pro- 
vided on the furnace bottom 31. A fiuidizing gas is 
ejected from the diffusion device 36 so as to have a sub- 
stantially low fiuidizing velocity, thus forming a weak fiu- 
idizing region 45 of the fluidized medium over the 
furnace bottom 31. 

[01 19] As described above, by combining a plurality 
of different fiuidizing regions having different fiuidizing 
velocity, the following flows are created. 
[0120] In the fluidized-bed of the gasification fur- 
nace 3, the fluidized medium descends with a descend- 
ing flow 55 in the weak fiuidizing region 41 , and turns its 
direction in the vicinity of the furnace bottom 27 to a hor- 
izontal flow 56 directed to the intense fiuidizing region 
42, and then turns its direction further to an upward flow 
57 in the intense fiuidizing region 42. On the other hand, 
in the vicinity of the surface of the fluidized-bed, the 
upward flow 57 of the fluidized medium is divided into a 
flow 58 directed to the central weak fiuidizing region 41 
and a branched flow 59 passing through the opening 37 
of the first partition wall 2 and directed to the combus- 
tion furnace 4. 

[0121] Therefore, in the fluidized-bed of the gasifi- 
cation furnace 3, a revolving flow in which the fluidized 
medium descends in the weak fiuidizing region and 
ascends in the intense fiuidizing region is created, and 
part of the fluidized medium is introduced into the main 
combustion chamber 6 of the combustion furnace 4 
through the opening 37 at the upper part of the first par- 
tition wall. 

[0122] In the main combustion chamber 6 also, the 
weak fiuidizing region 43 of the fluidized medium is 
formed near the opening 37, and the intense fiuidizing 
region 44 is formed over the furnace bottom 30, and 
hence in the fluidized-bed of the main combustion 
chamber 6 also, the fluidized medium descends with the 
descending flow 60 in the weak fiuidizing region 43. 
Therefore, the fluidized medium containing unburned 
char and flowing into the main combustion chamber 6 
with the branched flow 59 from the gasification furnace 
3 is swallowed into the fluidized-bed in the main com- 
bustion chamber and the unburned char is completely 
combusted therein. TTien. in the vicinity of the furnace 
bottom, part of the fluidized medium is returned to the 
gasification furnace 3 with a return flow 67 passing 
through the lower opening 38 of the first partition wall 2, 
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and the remainder forms a horizontal flow 61 directed to 
the intense fluidizing region 44, and then forms an 
upward flow 62 further in the intense fluidizing region 
44. On the other hand, in the vicinity of the surface of 
the fluidized-bed, the upward flow 62 of the fluidized 
medium is divided into a flow 63 directed to the weak 
fluidizing region 43 and a branched flow 64 passing 
through a space above the second partition wall 5 and 
directed to the heat recovery chamber 7. 
[0123] Therefore, in the fluidized-bed of the com- 
bustion furnace 4, a flow in which the fluidized medium 
descends in the weak fluidizing region 43 and ascends 
in the intense fluidizing region 44 is created, and part of 
the fluidized medium is introduced into the heat recov- 
ery chamber 7 beyond the upper end of the second par- 
tition wall 5 and part of the fluidized medium is returned 
to the gasification furnace 3 through the opening 38 at 
the lower part of the first partition wall 2. 
[0124] On the other hand, since the weak fluidizing 
region 45 is formed in the heat recovery chamber 7, a 
descending flow 65 of the fluidized medium is formed, 
and then the fluidized medium is returned to the main 
combustion chamber 6 with a return flow 66 passing 
through the lower oper»rvj 40 tr-p second partition 
wall 5. In this manner, in the t»u*ti/«i t**ts n the gasifi- 
cation furnace 3, the main comtxjstxx* chamt>er 6 of the 
combustion furnace 4. and the heat recover y chamber 7 
of the combustion furnace 4 the respect ve revolving 
flows are formed therein and a or cutatmg flow is formed 
between adjacent two fluic*zed*>eds 
[0125] Therefore, a combustioie material supplying 
port 47 is provided above the weak fluidizing region 41 
of the gasification furnace 3. and combustible material 
48 is supplied therethrough to the weak fluidizing region 
41 . The supplied combustible material is swallowed into 
the fluidized-bed of the gasrfcation furnace 3 by the 
descending flow 55, and then uniformly distributed and 
mixed with the fluidized medium by the revolving flow, 
and partially combusted and gasified. The oxygen con- 
tent of the fluidizing gas supplied to the furnace bottom 
of the gasification furnace 3 is set to the amount of oxy- 
gen equal to or smaller than a theoretical oxygen 
demand of the supplied combustible material 48. The 
fluidizing gas comprises any one of air, steam, oxygen 
and combustion exhaust gas, or a mixture of two or 
more of them. 

[0126] Further, the fluidized medium containing 
unburned char is introduced into the main combustion 
chamber 6 by the branched flow 59, and swallowed into 
the fluidized-bed by the descending flow 60. and then 
uniformly distributed and mixed by the revolving flow, 
and the unburned char is completely combusted in an 
oxidizing atmosphere. As shown in FIG. 5, if necessary, 
a fuel supplying port 68 is provided above the weak flu- 
idizing region 43, and auxiliary fuel 69 may be supplied 
therethrough to the weak fluidizing region 43. 
[0127] Further, a plurality of nozzles 53 are pro- 
vided at the freeboard to supply secondary air 54 for 



performing complete combustion, when necessary. 
[0128] The quantity of heat generated by combus- 
tion in the main combustion chamber 6 of the combus- 
tion furnace 4 is partly introduced into the gasification 

5 furnace 3 by the return flow 67 passing through the 
lower opening 38 of the first partition wall 2 to serve as 
a heat source for gasification, and further partly intro- 
duced into the heat recovery chamber 7 by the circulat- 
ing flow in which the fluidized medium enters the heat 

10 recovery chamber 7 beyond the second partition will 
and returns to the main combustion chamber 6 through 
the opening 40 whereby part of the quantity of heat gen- 
erated by combustion in the main combustion chamber 
6 is taken out through the heat transfer surfaces 46. 

is [0129] In this manner, the energy of combustible 
material supplied to the system is partly converted to 
the gas having chemical energy, and components which 
are difficult to be gasified is effectively recovered in the 
combustion chamber 4 as thermal energy at a high eff i- 

20 ciency. 

[01 30] Further, combustible material supplied to the 
furnace contains mostly incombustible material. There- 
fore, in this embodiment, an incombustible material dis- 
charging port 23 is provided between the furnace 

25 bottom 28 of the gasification furnace 3 and the furnace 
bottom 29 of the combustion furnace 4 for discharging 
incombustible material 25 therethrough. Further, in 
case where the auxiliary fuel 69 contains incombustible 
material, not illustrated in the drawing, incombustible 

30 material discharging ports may be provided near the 
lower part of the second partition wall, and between the 
furnace bottom of the main combustion chamber and 
the furnace bottom of the heat recovery chamber for 
discharging incombustible material therethrough. Fur- 

35 ther, in order to facilitate discharge of the incombustible 
material, it is desirable that the respective furnace bot- 
toms have downwardly inclined surfaces which are 
directed to the discharging port. In the combustion fur- 
nace 4, each of the second partition wall 5 forming a 

40 boundary between the main combustion chamber 6 and 
the heat recovery chamber 7 may have an inclined sur- 
face inclined toward the main combustion chamber in 
the main combustion chamber side, and a vertical sur- 
face in the heat recovery chamber side, not illustrated in 

45 the drawing, but shown in FIG. 10. 

[0131] FIGS. 8 and 9 show a cylindrical fluidized- 
bed gasification and combustion furnace according to 
an embodiment of the present invention which is used 
by being combined with a waste heat boiler and a steam 

50 turbine. As shown in FIG. 8, the produced gas dis- 
charged from the gas discharging port 49 and the com- 
bustion exhaust gas discharged from the gas 
discharging port 51 of the combustion furnace 4 are led 
to a slagging combustion furnace 101, and tangential ly 

55 blown into a cylindrical primary combustion chamber 
102. Auxiliary fuel 104, when necessary, is supplied to 
the primary combustion chamber 102 and a secondary 
combustion chamber 103, and oxygen or air or a mix- 
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ture of oxygen and air is supplied thereto, and the auxil- 
iary fuel 104 is combusted at a temperature ranging 
from 1200 to 1300°C, or higher. As a result, ashes are 
melted, and harmful substances such as dioxin or PCB 
are decomposed at a high temperature. Molten ashes 
106 are discharged from the discharging port 105, 
quenched in a water chamber 107 to be converted into 
a slag 108 which is discharged therefrom. 
[01 32] On the other hand, combustion gas having a 
high temperature discharged from the slagging com- 
bustion furnace 101 is cooled by a waste heat boiler 
109, an economizer 110 and an air preheater 111 one 
by one, and is discharged to the atmosphere via a dust 
collector 1 12 and an induced draft fan 1 13. A neutralizer 
1 14 such as slaked lime, if necessary, is added to the 
combustion gas discharged from the air preheater 1 1 1 
at the inlet of the dust collector 112. 
[0133] Further, a boiler feedwater 1 16 is converted 
into a superheated steam 121 in the waste heat boiler 
109 via the economizer 110, and the superheated 
steam 121 drives a steam turbine. Further, gas 115 for 
combustion comprises oxygen or air or a mixture of oxy- 
gen and air. and is heated by the air preheater 111, and 
then supplied to the slagging combustion furnace 101 
and the freeboards of the combustion furnace 4. Fur- 
ther, not illustrated in the drawing, it is possible to use 
the gas 115 as the fluidizing gases 18-22. Further, 
steam obtained by the immersed heat transfer tubes 46 
drives a medium-pressure turbine or a low-pressure tur- 
bine 

[0134] Further, not illustrated in the drawing, ashes 
117,1 18 discharged from the waste heat boiler 109, the 
econonnzer 110 and the air preheater 111 may be 
returned to the combustion furnace 4. 
[0135] On the other hand, fly ash 1 19 collected by 
the dust collector 1 12. rf it contains alkali metal salt such 
as vaporized Na or K. is treated by chemicals in treat- 
ment equipment 120 

[0136] FIG 9 is a view of a fluidized-bed gasifica- 
tion and combustion furnace according to an embodi- 
ment of the present invention which is operated under a 
pressure equal to or higher than an atmospheric pres- 
sure 

[0137] Though not illustrated in FIG. 9, a fluidized- 
bed furnace 1 may have itself a pressure-tight structure. 
However, since the structure in which heat-resisting 
function and pressure-tight function are separated from 
each other is advantageous, in this embodiment, the flu- 
idized-bed furnace 1 is housed in a pressure vessel 
201 . and the gasification furnace 3 and the combustion 
furnace 4 can be operated under a pressure equal to or 
higher than an atmospheric pressure. 
[0138] The discharging port 51 for discharging the 
combustion gas from the combustion furnace 4, the dis- 
charging port 49 for discharging the produced gas from 
the gasification furnace 3, the combustible material sup- 
plying port 47 of the gasification furnace 3, the second- 
ary air supplying port 53 of the combustion furnace 4, 



the fluidizing gas supplying lines, and the incombustible 
material discharging line, and the like pass through the 
pressure vessel 201. 

[01 39] In this embodiment, combustible material 48 

5 is supplied to the gasification furnace 3, and gasified by 
partial combustion. The method for supplying the com- 
bustible material is carried out by a screw feeder shown 
in the drawing, and may be carried out by pneumatic 
transportation. Alternatively, combustible material may 

10 be supplied in a slurry condition. 

[0140] Unburned char generated in the gasification 
furnace 3 and accompanied by the produced gas is 
cooled to a temperature of 600°C or lower in a gas cool- 
ing apparatus 202 provided at the subsequent stage, 

is and alkali metal such as Na or K which will cause hot 
corrosion of gas turbine blades, for example, is solidified 
or deposited onto surfaces of particles. The solidified 
particles or the deposited particles are collected by a 
dust collector 203, and the collected particles are intro- 

20 duced into the combustion furnace 4 and completely 
combusted therein. The combustion exhaust gas dis- 
charged from the combustion furnace 4 passes through 
the pressure vessel 201 , and is cooled to a temperature 
of 600°C or lower in the gas cooling apparatus 204 at 

25 the subsequent stage. By this cooling, alkali metal such 
as Na or K is solidified or deposited onto surfaces of 
particles, and the solidified particles or the deposited 
particles are collected by the dust collector 205 and dis- 
charged therefrom. The dust collectors 203. 205 may 

30 comprise a ceramic filter in many cases, but other types 
of dust collectors may be used. 
[01 41 ] The combustion gas which has been purified 
by removing Na or K which will cause hot corrosion, and 
the produced gas which has been purified by removing 

35 dust with the dust collector 203 downstream of the gas- 
ification furnace 3 are mixed and combusted in the com- 
bustor 206. In this case, the respective gases are 
cooled, and therefore thermal energy which is brought 
in the combustor 206 is lowered due to this gas cooling. 

40 Thus, in order to combust the gases in the combustor 
206 at a high temperature, the combustion furnace 4 is 
operated at excess air ratio as small as possible to 
thereby reduce the amount of combustion exhaust gas. 
Oxygen required for combustion in the combustor 206 is 

45 separately supplied to the combustor 206 as oxygen 
207. 

[0142] The combustion exhaust gas having a high 
temperature and a high pressure discharged from the 
combustor 206 drives a gas turbine 209 at a high effi- 
50 ciency. The gas turbine 209 drives a compressor 210 
and a generator 21 1 . 

[0143] The exhaust gas discharged from the gas 
turbine 209 is cooled in a heat recovery apparatus 212, 
and then discharged to the atmosphere. Incidentally, in 
55 this embodiment, if material of turbine blades is 
improved, then the gas cooling apparatuses 202, 204 
may be removed. 

[0144] On the other hand, in case of using coal as 
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combustible material 48, desulfurizing reaction is car- 
ried out in the furnace by mixing the combustible mate- 
rial 48 with limestone 214 or supplying the limestone 
214 separately to the furnace. That is, hydrogen sulfide 
H 2 S generated in the gasification furnace 3 reacts with 
CaO to produce CaS by desulfurizing reaction, and the 
produced CaS accompanied by the produced gas is 
supplied to the dust collector 203, and then CaS is col- 
lected in the dust collector 203 and supplied to the main 
combustion chamber 6. 

[0145] Further, the fluidized medium containing 
unburned char and CaS is introduced into the main 
combustion chamber 6 by a branched flow passing 
through the opening at the upper portion of the first par- 
tition wall of the gasification furnace 3, and is swallowed 
into the fluidized-bed by a descending flow, and uni- 
formly distributed and mixed, and the unburned char is 
completely combusted in an oxidizing atmosphere, 
while CaS is converted into CaS0 4 , and the converted 
CaS0 4 accompanied by combustion exhaust gas is 
supplied to the dust collector 205. In the dust collector 
205, CaS0 4 is collected and discharged therefrom. In 
case where the desulfurizing reaction is insufficiently 
proceeded in the gasification furnace 3, an additional 
desulfurizing apparatus 213 may be provided down- 
stream of the gasification furnace. 
[0146] FIG. 10 shows an example of the structure of 
the partition wall. The partition wall 301 has an inclined 
surface 301a for deflecting an upward flow 304 formed 
in an intense f luidizing region 302, and a vertical surface 
on the opposite side of the inclined surface 301 a so that 
a branched flow 305 beyond the upper end of the parti- 
tion wall is not stagnated and descends in the weak f lu- 
idizing region 303 with a descending flow 306. This 
structure may be applied to both of the first partition wall 
and the second partition wall according to the present 
invention. Incidentally, in the embodiments shown in 
FIGS. 1 through 9, the first partition wall and the second 
partition wall may have a vertical wall without having an 
inclined surface. 

[0147] Next, a cylindrical fluidized-bed gasification 
and combustion furnace according to another embodi- 
ment of the present invention will be described below 
with reference to FIGS. 1 1 and 12. FIG. 1 1 is a vertical 
cross-sectional view of a cylindrical fluidized-bed gasifi- 
cation and combustion furnace. FIG. 12 shows a hori- 
zontal cross-section of the fluidized-bed portion. In the 
embodiment shown in FIGS. 11 and 12, elements (or 
components) having the same or similar functions as 
the elements (or components) in the embodiment 
shown in FIGS. 6 and 7 will be described using the 
same reference numerals. 

[0148] An interior of a cylindrical fluidized-bed fur- 
nace 1 is divided into a central circular combustion fur- 
nace 4 and an annular furnace surrounding the 
combustion furnace 4 by a first partition wall 2 which is 
concentric with an outer wall of the furnace. The annular 
furnace is divided into a plurality of gasification furnaces 



3 and a plurality of heat recovery chambers 7 by a plu- 
rality of second partition walls 5 extending radially. The 
first partition wall 2 has a plurality of upper rectangular 
openings 37 and a plurality of lower rectangular open- 
5 ings 38. and the gasification furnace 3 and the combus- 
tion furnace 4 communicate with each other through the 
upper and lower openings 37, 38. 
[0149] The gasification furnace 3 has a gas dis- 
charging port 49 from which a produced gas 50 is dis- 
10 charged to the outside. Further, the first partition wall 2 
divides the combustion furnace 4 into a main combus- 
tion chamber 6 and heat recovery chambers 7 only in a 
fluidized-bed portion. However, the main combustion 
chamber 6 and the heat recovery chambers 7 are inte- 
rs grated in a freeboard section. Therefore, combustion 
exhaust gases discharged from the respective cham- 
bers are mixed with each other in the freeboard section, 
and are then discharged as a combustion exhaust gas 
52 from a gas discharging port 51 to the outside. Heat 
20 transfer surfaces 46 are immersed in the fluidized-bed 
in each of the heat recovery chambers 7 to recover heat 
from the fluidized medium in the fluidized-bed. Further, 
the first partition wall 2 has lower openings 40, and the 
fluidized medium can move between the main combus- 
25 tion chamber 6 and the heat recovery chambers 7 
through the lower openings 40 and upper openings 39. 
[0150] The combustion furnace 4 has a furnace 
bottom 27 at the lower central part thereof and an annu- 
lar furnace bottom 28 so as to surround the furnace bot- 
30 torn 27, and wind boxes 8, 9 are provided under the 
furnace bottoms 27, 28. Fluidizing gases 18, 19 are 
introduced into the wind boxes 8, 9 through respective 
supplying ports. 

[0151] On the other hand, diffusion devices 32, 33 
35 are provided on the furnace bottoms 27, 28, respec- 
tively in the same manner as the embodiment shown in 
FIG. 6. A fluidizing gas is ejected from the diffusion 
device 32 so as to have a substantially low fluidizing 
velocity, thus forming a weak fluidizing region 41 of the 
40 fluidized medium over the furnace bottom 27. A fluidiz- 
ing gas is ejected from the diffusion device 33 so as to 
have a substantially high fluidizing velocity, thus forming 
an intense fluidizing region 42 of the fluidized medium 
over the furnace bottom 28. 
45 [01 52] Since the two different fluidizing regions are 
formed in the fluidized-bed of the combustion furnace 4, 
a revolving flow in which the fluidized medium ascends 
in the intense fluidizing region 42 having an annular 
area in the peripheral portion of the furnace, and flows 
so in the central portion of the furnace, and then descends 
in the weak fluidizing region 41 having a central circular 
area in the central portion of the furnace is created. 
[01 53] Further, in the gasification furnace 3 and the 
heat recovery chamber 7 also, they have furnace bot- 
55 toms 29. 31 at the lower parts thereof, and wind boxes 
10, 12 are provided under the furnace bottoms 29, 31. 
Fluidizing gases 20, 21 are introduced into the wind 
boxes 10, 12 through respective supplying ports. Fur- 
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ther, diffusion devices 34, 36 are provided on the fur- 
nace bottoms 29, 31, respectively in the same manner 
as the embodiment shown in FIG. 5. A fluidizing gas is 
ejected from the diffusion device 34 so as to have a sub- 
stantially low f luidizing velocity, thus forming a weak f lu- 
idizing region 43 of the fluidized medium over the 
furnace bottom 29. A fluidizing gas is ejected from the 
diffusion device 36 so as to have a substantially high flu- 
idizing velocity, thus forming an intense fluidizing region 
45 of the fluidized medium over the furnace bottom 31 . 
[0154] By the above arrangement, the following 
flows of fluidized medium are created. 
[0155] In the fluidized-bed of the gasification fur- 
nace 3, the fluidized medium descends with a descend- 
ing flow in the weak fluidizing region 43, and in the 
vicinity of the furnace bottom 29, the fluidized medium 
flows in the combustion furnace 4 through the lower 
opening 38. 

[0156] In the fluidized-bed of the main combustion 
chamber 6 of the combustion furnace 4, the fluidized 
medium descends with a descending flow in the weak 
fluidizing region 41 , and turns its direction in the vicinity 
of the furnace bottom 27 to a horizontal flow directed to 
the intense fluidizing region 42, and then turns its direc- 
tion further to an upward flow in the intense fluidizing 
region 42. Further, the upward flow of the fluidized 
medium is blanched in the vicinity of the surface of the 
fluidized-bed into a flow directed to the central weak flu- 
idizing region 41 , a branched flow passing through the 
opening 37 of the first partition wall 2 and directed to the 
gasification furnace 3, and a branched flow passing 
through the upper opening 39 of the first partition wall 2 
and directed to the heat recovery chamber 7. 
[0157] Therefore, in the fluidized-bed of the com- 
bustion furnace 4, a revolving flow in which the fluidized 
medium descends in the weak fluidizing region and 
ascends in the intense fluidizing region is created, and 
part of the fluidized medium is introduced into the gasi- 
fication furnaces 3 and the heat recovery chambers 7 
through the openings 37 at the upper part of the first 
partition wall and the upper openings 39. As described 
above, the fluidized medium flowing in the gasification 
furnace 3 descends with a descending flow. 
[0158] On the other hand, in the heat recovery 
chamber 7, the weak fluidizing region 45 is formed to 
create a descending flow of the fluidized medium, and 
the fluidized medium is then returned to the main com- 
bustion chamber 6 with a return flow passing through 
the lower opening 40 of the first partition wall 2. 
[0159] Therefore, a combustible material supplying 
port 47 is provided above the weak fluidizing region 43 
of the gasification furnace 3, and combustible material 
48 is supplied therethrough to the weak fluidizing region 
43. The supplied combustible material is swallowed into 
the fluidized-bed of the gasification furnace 3 by the 
descending flow, and partially combusted and gasified. 
Further, a combustible material supplying port 47 is 
formed slightly above the furnace bottom. 



[01 60] A single combustible material supplying port 
47 is usually provided with respect to a single gasifica- 
tion furnace. However, in case of big scale, the gasifica- 
tion furnace is large in size, and fuel is not sufficiently 

5 distributed in the gasification furnace, then the furnace 
bottom of the gasification furnace is divided to allow the 
intensity of fluidization of the fluidized medium to be 
changed locally, so that distribution of fuel may be 
accelerated by creating an internally revolving flow with, 

10 for example, formation of a weak fluidizing region and 
an intense fluidizing region of the fluidized medium in 
the gasification furnace. 

[0161] FIG. 12 shows an example in which a fur- 
nace bottom of the gasification furnace is radially 

is divided into three segments, and a weak fluidizing 
region 43 is formed at a central portion of the furnace 
and intense fluidizing regions 44 are formed at both end 
portions of the furnace. In this case, combustible mate- 
rial is supplied to the central fluidizing region 43, and 

20 pyrolized and gasif ied while it is descending, and then 
moved at the lower portion of the weak fluidizing region 
43 to the intense fluidizing regions 44 located both sides 
of the weak fluidizing region 43. The combustible mate- 
rial turns its direction in the intense fluidizing regions 44 

25 to upward flows, and then turns its direction again in the 
upper part of the fluidized-bed and flows in the central 
weak fluidizing region 43 as shown by arrows 63. 
[01 62] It is desirable to increase the amount of fluid- 
ized medium in the flows 59 which flow from the main 

30 combustion chamber 6 to the gasification furnaces 3, 
because the quantity of heat required for gasification is 
supplied to the gasification furnaces 3 by the fluidized 
medium as sensible heat. Therefore, it is desirable that 
the upper openings 37 of the first partition wall between 

35 the main combustion chamber 6 and the gasification 
furnaces 3 are provided all around of the gasification 
furnaces to enlarge their opening areas. However, in 
case of forming the weak fluidizing region 43 and the 
intense fluidizing region 44 in each of the gasification 

40 furnace, it is effective that the upper opening 37 is pro- 
vided only in the weak fluidizing region. In this method, 
lowering of the gasification efficiency caused by the fact 
that combustible material which is not sufficiently 
pyrolized and gasified flows into the main combustion 

45 chamber and is combusted therein can be suppressed. 
[0163] On the other hand, the fluidized medium 
containing unburned char in the gasification furnace 3 
passes through the lower opening 38 and is introduced 
into the main combustion chamber 6, and then uni- 

50 formly distributed and mixed by a revolving flow and 
completely combusted in an oxidizing atmosphere. As 
shown in FIG. 1 1 , if necessary, a fuel supplying port 68 
is provided above the weak fluidizing region 43, and 
auxiliary fuel 69 may be supplied therethrough to the 

55 gasification furnace 3. 

[0164] Further, a plurality of nozzles 53 are pro- 
vided at the freeboard to supply secondary air 54 for 
performing complete combustion, if necessary. 
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[0165] The quantity of heat generated by combus- 
tion in the main combustion chamber 6 of the combus- 
tion furnace 4 is partly introduced into the gasification 
furnace 3 by the flow passing through the upper open- 
ing 37 of the first partition wall 2 to serve as a heat 
source for gasification, and further partly introduced into 
the heat recovery chamber 7 by the circulating flow in 
which the fluidized medium enters the heat recovery 
chamber 7 beyond the first partition wall 2 and returns 
to the main combustion chamber 6 through the opening 
40 whereby part of the quantity of heat generated by 
combustion in the main combustion chamber 6 is taken 
out by the heat transfer surfaces 46. 
[0166] In this manner, the energy of combustible 
material supplied to the system is partly converted to 
the gas having chemical energy, and components which 
are difficult to be gasified are effectively converted to 
thermal energy for high efficiency recovery 
[01 67] Further, combustible material supplied to the 
furnace contains mostly incombustible material. There- 
fore, in this embodiment, an incombustible material dis- 
charging port 23 is provided between the furnace 
bottom 28 of the combustion furnace 4 and the furnace 
bottom 29 of the gasification furnace 3 and an incom- 
bustible material discharging port 23 is provided 
between the furnace bottom 28 of the combustion fur- 
nace 4 and the furnace bottom 31 of the heat recovery 
chambet 7 tor discharging incombustible material 25 
therefrom 

[0168] As described above, in the main combustion 
chamber 6. the f ludizing velocity in the central portion of 
the chamber rs lower than that in the peripheral portion 
of the chamber, and hence an internally revolving flow in 
which the fluidized medium is intensely fluidized and 
blown up m the peripheral portion and a descending 
moving bed rs formed in the central portion is created. 
[0169] By this arrangement, the fluidized medium 
having a high temperature in the main combustion 
chamber 6 can be easily entered into the gasification 
furnace 3 through the first partition wall 2, the quantity of 
heat required for gasification can be easily supplied, 
and diffusion of heat in the main combustion chamber 6 
in which exothermic reaction is proceeded can be accel- 
erated. Therefore, high temperature regions are less 
susceptible to be generated locally, and generation of 
agglomeration can be suppressed. 
[0170] By forming a relatively mild fluidized-bed in 
the entire area of the gasification furnace 3, unreacted 
char can be prevented from being carried over from the 
furnace and gasification reaction can be performed 
effectively If the fluidized medium flows sufficiently into 
the gasification furnace 3 from the main combustion 
chamber 6, then the fluidizing gas in the gasification fur- 
nace 3 is not required to contain oxygen at all, and in 
such case, exothermic reaction does not take place in 
the gasification furnace 3 and the formation of agglom- 
eration is entirely suppressed. 

[0171] In the heat recovery chamber 7 also, a rela- 



tively mild fluidized-bed is formed, and when there is 
possibility of generation of agglomeration, oxygen con- 
centration of the fluidizing gas is lowered, or the fluid- 
ized medium is fluidized by supplying gas containing no 
5 oxygen. 

[0172] A freeboard section of the heat recovery 
chamber 7 and a freeboard section of the main combus- 
tion chamber 6 may be integrated with each other, and 
in such case, secondary air, when necessary, may be 

10 blown into the freeboard section for accelerating com- 
plete combustion. If oxygen concentration is nearly zero 
in the upper portion of the heat recovery chamber 7 by 
decreasing oxygen concentration of fluidizing gas in the 
heat recovery chamber 7, the freeboard section of the 

is heat recovery chamber 7 and the freeboard section of 
the gasification furnace 3 may be integrated with each 
other. 

[0173] In case that char is accumulated in the fur- 
nace due to the kind of the combustible material, the 

20 method in which oxygen concentration in the fluidizing 
gas is gradually increased in the order of the peripheral 
portion of the main combustion chamber 6, the central 
portion of the main combustion chamber 6, the heat 
recovery chamber 7, and the gasification furnace 3 may 

25 be effective. Conversely, if the combustible material has 
such kind that the char is not accumulated, the gasifica- 
tion reaction can be effectively carried out by lowering 
oxygen concentration gradually in the order of the gasi- 
fication furnace 3, the heat recovery chamber 7. the 

30 central portion of the main combustion chamber 6 and 
the peripheral portion of the main combustion chamber 
6. 

[0174] FIG. 13 is a schematic view of an atmos- 
pheric fluidized-bed coal boiler which is a kind of a fluid- 

35 ized-bed gasification and combustion furnace according 
to an embodiment of the present invention. As shown in 
FIG. 13, the interior of the fluidized-bed coal boiler is 
divided into three chambers, i.e. a gasification chamber 
401 , a combustion chamber 402 and a heat recovery 

40 chamber 403, and fuel is supplied to the gasification 
chamber 401, and pyrolized and gasified therein. The 
combustion chamber 402 is provided adjacent to the 
gasification chamber 401 , and the heat recovery cham- 
ber 403 is provided adjacent to the combustion cham- 

45 ber 402. In case where the present invention is applied 
to the atmospheric fluidized-bed coal boiler, the free- 
board section is integrated above the gasification cham- 
ber 401, the combustion chamber 402 and the heat 
recovery chamber 403, and is not partitioned from one 

so another. Heat transfer surfaces 406 for collecting heat 
from the fluidized medium are provided in the heat 
recovery chamber 403. In the freeboard section, there 
are provided heat transfer surfaces 404 in which a 
steam superheater 404A and an evaporator 404B are 

55 provided along a gas flow. A plurality of secondary air 
supply nozzles 405A, 405B are provided on the wall of 
the freeboard section in different vertical and horizontal 
locations. Steam produced by collection of heat through 
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the heat transfer surfaces 404. 406 is led to a steam tur- 
bine 407, and drives the steam turbine 407. 
[0175] On the other hand, the combustion exhaust 
gas discharged from the f luidized-bed coal boiler is dis- 
charged from a stack 41 1 through an economizer 408, 5 
an air preheater 409 and a bag filter 410. Further, air 
supplied from a blower 412 is heated by the air pre- 
heater 409. and then supplied into the furnace from the 
bottom of the fluidized-bed boiler as a f luidizing gas and 
a gas for combustion. 10 
[0176] The f luidizing gas for the gasification cham- 
ber 401, the combustion chamber 402 and the heat 
recovery chamber 403 is air, and the amount of air sup- 
plied to the gasification chamber 401 is in the range of 
10 to 20% of a theoretical air demand of the supplied 15 
fuel. It is desirable to supply the amount of air to the 
gasification chamber 401 so that the sum of the quantity 
of heat required for gasification and the quantity of heat 
taken out from the bed as sensible heat of gas is slightly 
larger than the quantity of heat generated by combus- 20 
tion. If the supplied air is such amount, the quantity of 
heat which is insufficient for thereby maintaining the bed 
temperature of the gasification chamber 401 can be 
supplemented by the quantity of heat held by the fluid- 
ized medium which flows into the gasification chamber 25 

401 from the combustion chamber 402 adjacent to the 
gasification chamber 401. and hence the control of the 
bed temperature of the gasification chamber 401 can be 
easily performed. Incidentally, not shown in the drawing, 
the flow rate and composition of the f luidizing gas sup- 30 
plied to the gasification chamber 401, the combustion 
chamber 402 and the heat recovery chamber 403 can 

be independently controlled. The fluidizing gas may 
comprise air to which at least one of oxygen and steam 
is added. 35 
[0177] The gasification chamber 401 is kept at a 
temperature ranging from 800 to 950°C, and fuel sup- 
plied to the gasification chamber 401 is partially com- 
busted, pyrolized and gasified, and then a mixed gas of 
combustible gas and combustion gas generated by par- 40 
tial combustion is led to the freeboard section at the 
upper portion of the gasification chamber 401. On the 
other hand, unreacted char remaining in the bed flows 
into the combustion chamber 402 by particle circulation 
between the gasification chamber 401 and the combus- 45 
tion chamber 402, and completely combusted therein. 
The amount of air supplied to the combustion chamber 

402 is slightly larger than the amount of air of a theoret- 
ical air demand of char flowing thereinto. Specifically, air 

of about 1 10 to 120% of a theoretical air demand of the so 
char is supplied for thereby accelerating combustion of 
char in the bed having a high temperature, and the flu- 
idized medium having a low temperature, when neces- 
sary, can be supplied from the heat recovery chamber 

403 so that the fluidized-bed can be maintained at a 55 
temperature ranging from 800 to 900°C optimum for 
desulfurizing reaction and a low NOx combustion. 

[0178] If the furnace is operated under the above 



condition, the total air ratio supplied to the fluidized-bed 
portions (the gasification chamber 401, the combustion 
chamber 402 and the heat recovery chamber 403), 
though depending on the kind of coal, especially fuel 
ratio, is in the range of about 70 to 90%, the combustion 
reaction of remaining 10 to 30% of combustibles is per- 
formed in the freeboard. Therefore, a plurality of supply- 
ing port for secondary air to the freeboard are provided, 
and .when necessary, by changing the locations of sup- 
plying port of the secondary air, the temperature of the 
freeboard can be easily controlled. 
[0179] For example, as for the coal in which the 
combustion rate in the bed is high and the gas temper- 
ature in the freeboard is liable to be lowered, by supply- 
ing secondary air 4056 to a portion above the steam 
superheater tubes 404A and the evaporator tubes 
404B, the collection of heat by the heat transfer tubes 
404 in the freeboard can be suppressed and the tem- 
perature of combustion gas from the boiler can be prop- 
erly maintained. Conversely, as for the coal having a low 
combustion rate in the bed, secondary air 405A is sup- 
plied to a space between the heat transfer tubes 406 
provided in the fluidized-bed portion and the heat trans- 
fer tubes 404 provided in the freeboard for thereby com- 
busting, and then heat is collected by the heat transfer 
tubes in the freeboard, thereby making up for shortage 
of heat collection in the bed. As for the medium coal, the 
ratio of the secondary air 405B and the secondary air 
405A supplied to the portions above and below the heat 
transfer tubes provided in the freeboard is adjusted 
while observing the gas temperature at the exit of the 
boiler for thereby adjusting combustion in the boiler in 
an optimum condition. 

[01 80] Further, the above structure allows an instal- 
lation area of the fluidized-bed boiler to be reduced. In 
case where the fuel having a high in-bed combustion 
rate is combusted in the normal fluidized-bed combus- 
tion furnace, the quantity of heat to be collected in the 
bed is too large, and therefore a large heat transfer area 
in the bed is required. As a result, the fluidized-bed por- 
tion requires a large horizontal cross-sectional area for 
arrangement of the immersed heat transfer tubes, thus 
increasing an installation area of the fluidized-bed 
boiler. However, since the atmospheric fluidized-bed 
coat boiler to which the present invention is applied can 
suppress combustion in the bed and accelerate com- 
bustion in the freeboard, it is possible to increase the 
ratio of heat transfer surfaces provided in the freeboard 
to the total heat transfer surfaces. Consequently, the 
boiler has a vertically elongated structure and capable 
of decreasing a horizontal cross-sectional area, and 
therefore an installation area of the boiler can be 
reduced. 

[0181] As described above, in the embodiments 
shown in FIGS. 1 through 13, the elements having the 
same effect and function are represented using the 
same reference numerals throughout views. 
[0182] As described above, the present invention 
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offers the following advantages. 

(1) Since char is completely combusted after gasifi- 
cation by partial combustion, even if combustible 
material is difficult to be gasified and generates a 
large amount of char, such combustible material 
can be utilized the features of the gasification and 
slagging combustion system and so on. 

(2) The gasification furnace and the combustion fur- 
nace are integrated with each other to allow the 
whole structure to be compact. 

(3) The unreacted char can be easily transferred 
and the control of its transportation can be easily 
performed. That is, since the gasification furnace 
and the combustion furnace are integrated into a 
single structure, the transfer of char from the gasifi- 
cation furnace to the combustion furnace can be 
performed without complicated mechanical equip- 
ment such as pipes and L-shaped valves, and the 
amount of transferred char is controlled by changes 
of the fluidizing velocity in the gasification furnace 
and the combustion furnace, thus facilitating and 
simplifying the transfer of char. Further, there is no 
clogging trouble in the pipes. 

(4) Since the quantity of heat held by the f luidized 
medium which is returned from the combustion fur- 
nace to the gasification furnace can be effectively 
utilized as a heat source for gasification in the gas- 
ification furnace, the amount of air supplied to the 
gasification furnace can be reduced, the gasifica- 
tion efficiency is increased, and the heating value of 
gas per unit volume can be increased. 

(5) The distribution of fuel can be performed well in 
the gasification furnace. That is, by the revolving 
flow in the f luidized-bed of the gasification furnace, 
fuel is swallowed quickly and retention time of fuel 
in the bed can be prolonged. Further, fuel can be 
gasified by partial combustion uniformly because 
the fuel can be well distributed and well mixed, and 
the number of fuel supplying ports can be reduced. 

(6) Even if fuel containing incombustible material 
can be utilized. 

(7) By operating the furnace at a pressure equal to 
or higher than an atmospheric pressure, higher effi- 
ciency can be obtained. That is, in the conventional 
pressurized fluidized-bed boiler, the gas tempera- 
ture at the inlet of the gas turbine is in the range of 
850 to 900°C. However, in the present invention, 
coal is gasified by partial combustion in the gasifi- 
cation furnace, the remaining combustible compo- 
nent is completely combusted in the combustion 
furnace, and the produced gas and the combustion 
exhaust gas discharged from the respective fur- 
naces are introduced into the gas turbine. There- 
fore, the temperature of combustion gas at the inlet 
of the gas turbine can be increased to a tempera- 
ture of 1300°C or higher, and hence the power 
delivering efficiency is greatly increased in the 



range of 42 to 46%. 

(8) The combustion furnace comprises an internally 
circulating fluidized-bed boiler, and offers the fol- 
lowing advantages. 

5 

1) The heat generated in the combustion furnace 
can be recovered at a high efficiency. 

2) The load can be easily controlled not by varying 
the height of the fluidized-bed, but by varying the 

10 fluidizing velocity in the heat recovery chamber. 

3) Since there is no need for varying the height of 
the fluidized-bed. a storage tank for the fluidized 
medium or pipes for transferring the fluidized 
medium are not required and thus simplifying of the 

15 facilities can be achieved. 

4) The temperature of the fluidized-bed and the 
temperature of combustion gas can be controlled at 
respective constant values even when the load is 
changed, so that the efficiency of gas turbine is sta- 

20 ble. 

5) Since the heat recovery chamber has a weak flu- 
idizing region of the fluidized medium, the 
immersed heat transfer tubes don't have a effect of 
wearing, and hence it is possible to use hard silica 

25 sand as a fluidized medium, and the amount of 
ashes discharged therefrom is decreased. 

[01 83] Further, in the fluidized-bed coal boiler which 
is a kind of the fluidized-bed gasification and combus- 
30 tion furnace according to the present invention, even if 
the kind of coal is changed, the heat transfer surfaces of 
the boiler is not required to be changed or recon- 
structed. 

35 Industrial Applicability 

[0184] The present invention can be utilized in the 
system for gasifying and combusting wastes including 
municipal wastes and industrial wastes, or solid fuel 
40 such as coal. 

Claims 

1. A fluidized-bed gasification and combustion fur- 
45 nace, characterized in that: 

a fluidized-bed furnace is divided by a plurality 
of partition walls into a gasification furnace, a 
main combustion chamber of a combustion fur- 
so nace and a heat recovery chamber of said 
combustion chamber; 

a revolving flow of a fluidized medium is formed 
in at least one of said gasification furnace and 
said main combustion chamber; 
55 a circulating flow of the fluidized medium is 

formed between said gasification furnace and 
said main combustion chamber; 
a circulating flow of the fluidized medium is 
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formed between said heat recovery chamber 
and said main combustion chamber; and 
a heat transfer surface is disposed in a fluid- 
ized-bed of said heat recovery chamber. 

5 

A fluidized-bed gasification and combustion fur- 
nace, characterized in that: 

a fluidized-bed furnace is divided by a first par- 
tition wall into a gasification furnace and a com- 10 
bustion furnace; 

upper and lower openings are formed in said 
first partition wall so that said gasification fur- 
nace and said combustion furnace communi- 
cate with each other; 15 
an intense fluidizing region and a weak f luidiz- 
ing region of a f luidized medium are formed in 
said gasification furnace and said combustion 
furnace; 

said intense fluidizing region of the fluidized 20 
medium in one of said furnaces and said weak 
fluidizing region of the fluidized medium in the 
other of said furnaces are located adjacent to 
each other with said first partition wall inter- 
posed therebetween; 25 
said combustion furnace is divided by a second 
partition wall into a main combustion chamber 
and a heat recovery chamber; 
upper and lower openings are formed in said 
second partition wall so that said main combus- 30 
tion chamber and said heat recovery chamber 
communicate with each other; and 
a weak fluidizing region of the fluidized medium 
is formed in said heat recovery chamber and a 
heat transfer surface is disposed in said heat 35 
recovery chamber. 

A fluidized-bed gasification and combustion fur- 
nace, characterized in that: 

40 

a fluidized-bed furnace is divided by a first par- 
tition wall into a gasification furnace and a com- 
bustion furnace; 

said first partition wall has openings so that 
said gasification furnace and said combustion 45 
furnace communicate with each other at lower 
portions thereof, and upper portions thereof 
near surfaces of f luidized-beds; 
a diffusion device is provided on a furnace bot- 
tom of said gasification furnace so as to have so 
different fluidizing velocities in the fluidized- 
bed; 

an intense fluidizing region of the fluidized 
medium is formed so as to have a substantially 
high fluidizing velocity in the fluidized-bed in a 55 
region near said first partition wall, thus gener- 
ating an upward flow of the fluidized medium; 
a weak fluidizing region of the fluidized medium 



is formed so as to have a substantially low flu- 
idizing velocity in the fluidized-bed in a region 
apart from said first partition wall, thus generat- 
ing a descending flow of the fluidized medium, 
and combustible material is supplied to said 
weak fluidizing region; 

said upward flow of the fluidized medium in 
said intense fluidizing region becomes partly a 
flow directed to said weak fluidizing region in 
the vicinity of a surface of the fluidized-bed. 
thus forming a revolving flow in the fluidized- 
bed in the gasification furnace, and partly a 
branched flow flowing in said combustion fur- 
nace through said upper opening of said first 
partition wall; 

said combustion furnace formed by said first 
partition wall has a fluidized-bed portion which 
is divided by a second partition wall into a main 
combustion chamber and a heat recovery 
chamber; 

said second partition wall has a lower opening 
through which said main combustion chamber 
and said heat recovery chamber communicate 
with each other, an upper end of said second 
partition wall extends to a position near a sur- 
face of the fluidized-bed. and said main com- 
bustion chamber and said heat recovery 
chamber are integrated with each other in a 
freeboard section; 

a diffusion device is provided on a furnace bot- 
tom of said main combustion chamber so as to 
have different fluidizing velocities in a fluidized- 
bed in said main combustion chamber; 
a weak fluidizing region of the fluidized-bed is 
formed so as to have a substantially low fluidiz- 
ing velocity in the fluidized-bed in a region near 
said first partition wall, and an intense fluidizing 
region is formed so as to have a substantially 
high fluidizing velocity in the fluidized-bed in a 
region near said second partition wall; 
a descending flow of the fluidized medium is 
generated in said weak fluidizing region, and 
said descending flow is partly returned to said 
gasification furnace through said lower opening 
of said first partition wall, thus forming a circu- 
lating flow between said gasification furnace 
and said main combustion chamber; 
an upward flow of the fluidized medium is gen- 
erated in said intense fluidizing region, and 
said upward flow becomes partly a flow 
directed to said weak fluidizing region at a side 
of said first partition wall for thereby creating a 
revolving flow in the fluidized-bed of said main 
combustion chamber, and partly a branched 
flow which enters said heat recovery chamber 
beyond said second partition wall; 
a diffusion device is provided on a furnace bot- 
tom of said heat recovery chamber so as to 
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have a substantially low f lukJizing velocity in a 
fluidized-bed in said heat recovery chamber, 
thus forming a weak f luidizing region of the flu- 
idized medium; and thus 
the fluidized medium which has entered said 
heat recovery chamber from said main com- 
bustion chamber beyond said second partition 
wall descends in said heat recovery chamber, 
and returns to said main combustion chamber 
through said lower opening of said second par- 
tition wall, thus forming a circulating flow; and 
a heat transfer surface is disposed in the fluid- 
ized-bed in said heat recovery chamber. 

4. A fluidized-bed gasification and combustion fur- 
nace according to claim 3, wherein oxygen content 
of the f luidizing gas supplied to said furnace bottom 
of said gasification furnace is equal to or lower than 
a theoretical oxygen demand of the supplied com- 
bustible material. 

5. A fluidized-bed gasification and combustion fur- 
nace according to claim 3 or 4, wherein the fluidiz- 
ing gas supplied to said furnace bottom of said 
gasification furnace comprises any one of air, 
steam, oxygen and combustion exhaust gas, or a 
mixture of at least two of them. 

6. A fluidized-bed gasification and combustion fur- 
nace according to any one of claims 3 to 5, wherein 
said first partition wall forming a boundary between 
said gasification furnace and said combustion fur- 
nace has an inclined surface inclined toward said 
gasification furnace in said gasification furnace 
side, and a vertical surface in said combustion fur- 
nace side. 

7. A fluidized-bed gasification and combustion fur- 
nace according to any one of claims 3 to 6, wherein 
in said combustion chamber, said second partition 
wall forming a boundary between said main com- 
bustion charriber and said heat recovery chamber 
has an inclined surface inclined toward said main 
combustion chamber in said main combustion 
chamber side, and a vertical surface in said heat 
recovery chamber side. 

8. A fluidized-bed gasification and combustion fur- 
nace according to any one of claims 3 to 7, wherein 
an incombustible material discharging port is pro- 
vided at a furnace bottom between said gasification 
furnace and said combustion furnace. 

9. A fluidized-bed gasification and combustion fur- 
nace according to any one of claims 3 to 7, wherein 
in said combustion furnace, an incombustible mate- 
rial discharging port is provided at a furnace bottom 
between said main combustion chamber and said 



heat recovery chamber. 

10. A fluidized-bed gasification and combustion fur- 
nace according to any one of claims 3 to 7, wherein 

5 an incombustible material discharging port is pro- 
vided at a furnace bottom between said gasification 
furnace and said combustion furnace, and in said 
combustion furnace, an incombustible discharging 
port is provided at a furnace bottom between said 

w main combustion chamber and said heat recovery 
chamber. 

11. A fluidized-bed gasification and combustion fur- 
nace according to claim 8 or 9 or 10, wherein said 

is furnace bottom is inclined downwardly toward said 
incombustible material discharging port. 

12. A fluidized-bed gasification and combustion fur- 
nace according to any one of claims 3 to 11, 

20 wherein in said combustion furnace, secondary air 
is supplied to a freeboard section of said combus- 
tion furnace. 

13. A fluidized-bed gasification and combustion fur- 
25 nace according to any one of claims 3 to 12, 

wherein in said combustion furnace, auxiliary fuel is 
supplied to said weak f luidizing region in said com- 
bustion furnace. 

30 14. A fluidized-bed gasification and combustion fur- 
nace according to any one of claims 3 to 13, 
wherein gases discharged from said gasification 
furnace and said combustion furnace are led to a 
slagging combustion furnace and mixed therein, 

35 and combustible gas and particles containing com- 
bustible content contained in said discharged 
gases are combusted at a high temperature of 
1200°C or higher, thereby melting ash content 

40 15. A fluidized-bed gasification and combustion fur- 
nace according to any one of claims 3 to 14, 
wherein said gasification furnace and said combus- 
tion furnace are operated under a pressure equal to 
or higher than an atmospheric pressure. 

45 

16. A fluidized-bed gasification and combustion fur- 
nace according to any one of claims 3 to 13, 
wherein said gasification furnace and said combus- 
tion furnace are operated under a pressure equal to 
so or higher than an atmospheric pressure, and gases 
discharged from said gasification furnace and said 
combustion furnace are dedusted and then intro- 
duced into a gas turbine. 

55 17. A fluidized-bed gasification and combustion fur- 
nace according to any one of claims 3 to 13, 
wherein said gasification furnace and said combus- 
tion furnace are operated under a pressure equal to 
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or higher than an atmospheric pressure, and gases 
discharged from said gasification furnace and said 
combustion furnace are cooled and then dedusted, 
and then introduced into a gas turbine. 

5 

18. A fluidized-bed gasification and combustion system 
according to any one of claims 15 to 17, wherein 
said f luidized-bed gasification and combustion fur- 
nace is housed in a pressure vessel in order to be 
operated at a pressure equal to or higher than an 10 
atmospheric pressure. 

19. A f luidized-bed gasification and combustion fur- 
nace, characterized in that: 

15 

a f luidized-bed furnace is divided by a first par- 
tition wall into a gasification furnace and a com- 
bustion furnace; 

said first partition wall has openings so that 
said gasification furnace and said combustion 20 
furnace communicate with each other at lower 
portions thereof, and upper portions thereof 
near surfaces of f luidized-beds; 
in said gasification furnace, a diffusion device 
is provided on a furnace bottom of said gasif i- 25 
cation furnace so as to have different f luidizing 
velocities in the f luidized-bed; 
an intense fluidizing region of the fluidized 
medium is formed so as to have a substantially 
high fluidizing velocity in the f luidized-bed in a 30 
region near said first partition wall, thus gener- 
ating an upward flow of the fluidized medium; 
a weak fluidizing region of the fluidized medium 
is formed so as to have a substantially low flu- 
idizing velocity in the fluidized-bed in a region 35 
apart from said first partition wall, thus generat- 
ing a descending flow of the fluidized medium, 
and combustible material is supplied to said 
weak fluidizing region; 

said upward flow of the fluidized medium in 40 
said intense fluidizing region becomes partly a 
flow directed to said weak fluidizing region in 
the vicinity of a surface of the fluidized-bed, 
thus forming a revolving flow in the fluidized- 
bed in the gasification furnace, and partly a 45 
branched flow flowing in said combustion fur- 
nace through said upper opening of said first 
partition wall; 

in said combustion furnace, a diffusion device 
is provided on a furnace bottom of said main so 
combustion chamber so as to have different flu- 
idizing velocities in a fluidized-bed; 
a weak fluidizing region of the fluidized medium 
is formed so as to have a substantially low flu- 
idizing velocity in the fluidized-bed in a region 55 
near said first partition wall, thus generating a 
descending flow of the fluidized medium, and 
an intense fluidizing region of the fluidized 



medium is formed so as to have a substantially 
high fluidizing velocity in the fluidized-bed in a 
region apart from said first partition wall, thus 
generating an upward flow of the fluidized 
medium, whereby a revolving flow is formed in 
the fluidized-bed; and thus 
the fluidized medium which has entered said 
gasification furnace from said combustion fur- 
nace through said upper opening of said first 
partition wall descends in the fluidized-bed by 
said revolving flow in said combustion furnace, 
and char which is ungasified component is 
combusted while it is descending, and the fluid- 
ized medium heated to a high temperature 
returns partly to said gasification furnace in the 
vicinity of the furnace bottom through said 
lower opening of said first partition wall to serve 
as a heat source for pyrolysis gasification in 
said gasification furnace. 

I. A fluidized-bed gasification and combustion fur- 
nace, characterized in that: 

a fluidized-bed furnace is divided by a first con- 
centric partition wall into a cylindrical gasifica- 
tion furnace and an annular combustion 
furnace formed around said gasification fur- 
nace; 

said first partition wall has openings so that 
said gasification furnace and said combustion 
furnace communicate with each other at upper 
portions thereof near surfaces of fluidized- 
beds, and lower portions thereof; 
a diffusion device is provided on a furnace bot- 
tom of said cylindrical gasification furnace 
enclosed by said first partition wall so as to 
have different fluidizing velocities in the fluid- 
ized-bed; 

a weak fluidizing region of the fluidized medium 
is formed so as to have a substantially low flu- 
idizing velocity in a cylindrical area of a fluid- 
ized-bed at a central portion of the furnace, 
thus generating a descending flow of the fluid- 
ized medium; 

an intense fluidizing region of the fluidized 
medium is formed so as to have a substantially 
high fluidizing velocity in an annular area of the 
fluidized-bed in a region near said first partition 
wall, thus generating an upward flow of the flu- 
idized medium; 

said upward flow of the fluidized medium partly 
flows in said combustion furnace through said 
upper opening of said first partition wall and 
partly flows toward said central weak fluidizing 
region, thus forming a revolving flow in the flu- 
idized-bed of said gasification furnace, and 
combustible material is supplied to said weak 
fluidizing region; 
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said annular combustion furnace outside of 
said first partition wall has a fluidized-bed por- 
tion which is divided by a second partition wall 
in a radial direction into a plurality of main com- 
bustion chambers and a plurality of heat recov- 5 
ery chambers; 

said second partition wall has a lower opening 
through which said main combustion chamber 
and said heat recovery chamber communicate 
with each other, an upper end of said second io 
partition wall extends to a position near a sur- 
face of the fluidized-bed, and said main com- 
bustion chamber and said heat recovery 
chamber are integrated with each other in a 
freeboard section; 15 
in said main combustion chamber, a diffusion 
device is provided on a furnace bottom so as to 
have different fluidizing velocities in said fluid- 
ized-bed; 

a weak fluidizing region of the f luidized medium 20 
is formed so as to have a substantially low flu- 
idizing velocity in the f luidized-bed, near said 
opening for communicating with said gasifica- 
tion furnace, in a central part of said main com- 
bustion chamber, thus generating a 25 
descending flow of the f luidized medium, said 
descending flow partly returns to said gasifica- 
tion furnace through said lower opening of said 
first partition wall, and partly flows toward an 
intense fluidizing region formed so as to have a 30 
substantially high fluidizing velocity, and then 
the fluidized medium forms an upward flow in 
said intense fluidizing region, thus forming a 
revolving flow in the fluidized-bed in said main 
combustion chamber, and said upward flow 35 
partly forms a branched flow flowing in said 
heat recovery chamber beyond said second 
partition wall; 

a diffusion device is provided on a furnace bot- 
tom of said heat recovery chamber so as to 40 
have a substantially low fluidizing velocity in the 
fluidized-bed, thus forming a weak fluidizing 
region of the fluidized medium; and 
the fluidized medium which has entered said 
heat recovery chamber from said main com- 45 
bustion chamber beyond said second partition 
wall descends in said heat recovery chamber, 
and returns to said main combustion chamber 
through said lower opening of said second par- 
tition wall, thus forming a circulating flow; and so 
a heat transfer surface is disposed in the fluid- 
ized-bed in said heat recovery chamber. 

21. A fluidized-bed gasification and combustion fur- 
nace according to claim 20. wherein oxygen con- 55 
tent of the fluidizing gas supplied to said furnace 
bottom of said gasification furnace is equal to or 
lower than a theoretical oxygen demand of the sup- 



plied combustible material. 

22. A fluidized-bed gasification and combustion fur- 
nace according to claim 20 or 21 , wherein the fluid- 
izing gas supplied to said furnace bottom of said 
gasification furnace comprises any one of air, 
steam, oxygen and combustion exhaust gas, or a 
mixture of at least two of them. 

23. A fluidized-bed gasification and combustion fur- 
nace according to any one of claims 20 to 22. 
wherein said first partition wall forming a boundary 
between said gasification furnace and said com- 
bustion furnace has an inclined surface inclined 
toward said gasification furnace in said gasification 
furnace side, and a vertical surface in said combus- 
tion furnace side. 

24. A fluidized-bed gasification and combustion fur- 
nace according to any one of claims 20 to 23, 
wherein in said combustion furnace, 6aid second 
partition wall forming a boundary between said 
main combustion chamber and said heat recovery 
chamber has an inclined surface inclined toward 
said main combustion chamber in said main com- 
bustion chamber side, and a vertical surface in said 
heat recovery chamber side. 

25. A fluidized-bed gasification and combustion fur- 
nace according to any one of claims 20 to 24, 
wherein an incombustible material discharging port 
is provided at a furnace bottom between said gasi- 
fication furnace and said combustion furnace. 

26. A fluidized-bed gasification and combustion fur- 
nace according to any one of claims 20 to 24, 
wherein in said combustion furnace, an incombusti- 
ble material discharging port is provided at a fur- 
nace bottom between said main combustion 
chamber and said heat recovery chamber. 

27. A fluidized-bed gasification and combustion fur- 
nace according to any one of claims 20 to 24, 
wherein an incombustible material discharging port 
is provided at a furnace bottom between said gasi- 
fication furnace and said combustion furnace, and 
in said combustion chamber, an incombustible dis- 
charging port is provided at a furnace bottom 
between said main combustion chamber and said 
heat recovery chamber. 

28. A fluidized-bed gasification and combustion fur- 
nace according to claim 25 or 26 or 27, wherein 
said furnace bottom is inclined downwardly toward 
said incombustible material discharging port. 

29. A fluidized-bed gasification and combustion fur- 
nace according to any one of claims 20 to 28, 
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wherein in said combustion furnace, secondary air 
is supplied to a freeboard section of said combus- 
tion furnace. 

30. A fluidized-bed gasification and combustion fur- 
nace according to any one of claims 20 to 29, 
wherein in said combustion furnace, auxiliary fuel is 
supplied to said weak f luidizing region in said com- 
bustion furnace. 

31. A fluidized-bed gasification and combustion fur- 
nace according to any one of claims 20 to 30, 
wherein gases discharged from said gasification 
furnace and said combustion furnace are led to a 
slagging combustion furnace and mixed therein, 
and combustible gas and particles containing com- 
bustible content contained in said discharged 
gases are combusted at a high temperature of 
1200°C or higher, thereby melting ash content. 

32. A fluidized-bed gasrficaton and combustion fur- 
nace according to any one o* claims 20 to 31, 
wherein said gasification furnace and said combus- 
tion furnace are op** atetl unrk* a pressure equal to 
or higher than an armospneric pressure 

33. A fluidized-bed Qas^caton and combustion fur- 
nace according to any one o* claims 20 to 30, 
wherein said gasification hjt nace and said combus- 
tion furnace are opei ated under a pressure equal to 
or higher than an atmosphere pressure, and gases 
discharged from said gasification furnace and said 
combustion furnace are dedusted and then intro- 
duced into a gas turbine 

34. A fluidized-bed gasificaton and combustion fur- 
nace according to anyone of claims 20 to 30, 
wherein said gasification furnace and said combus- 
tion furnace are operated under a pressure equal to 
or higher than an atmospheric pressure, and gases 
discharged from said gasification furnace and said 
combustion furnace are cooled and then dedusted, 
and then introduced into a gas turbine. 

35. A fluidized-bed gasification and combustion system 
according to any one of claims 32 to 34, wherein 
said fluidized-bed gasification and combustion fur- 
nace is housed in a pressure vessel in order to be 
operated at a pressure equal to or higher than an 
atmospheric pressure. 

36. A fluidized-bed gasification and combustion fur- 
nace, characterized in that: 

a fluidized-bed furnace is divided by a first con- 
centric partition wall into a cylindrical gasifica- 
tion furnace and an annular combustion 
furnace surrounding said gasification furnace; 



said first partition wall has openings so that 
said gasification furnace and said combustion 
furnace communicate with each other at upper 
portions thereof near surfaces of fluidized- 

5 beds, and lower portions thereof; 

a diffusion device is provided on a furnace bot- 
tom of said cylindrical gasification furnace 
enclosed by said first partition wall so as to 
have different fluidizing velocities in the fluid- 

10 ized-bed; 

a weak fluidizing region of the fluidized medium 
is formed so as to have a substantially low flu- 
idizing velocity in a cylindrical area of a fluid- 
ized-bed at a central portion of the furnace, 

15 thus generating a descending flow of the fluid- 

ized medium; 

an intense fluidizing region of the fluidized 
medium is formed so as to have a substantially 
high fluidizing velocity in an annular area of the 
20 fluidized-bed in a region near said first partition 

wall, thus generating an upward flow of the flu- 
idized medium; 

said upward flow of the fluidized medium partly 
flows in said combustion furnace through said 

25 upper opening of said first partition wall and 

partly flows toward said central weak fluidizing 
region, thus forming a revolving flow in the flu- 
idized-bed of said gasification furnace, and 
combustible material is supplied to said weak 

30 fluidizing region; 

a diffusion device is provided on a surface bot- 
tom of said combustion furnace so as to have 
different fluidizing velocities in said fluidized- 
bed; 

35 a weak fluidizing region of the fluidized- 

medium is formed so as to have a substantially 
low fluidizing velocity in a region near said first 
partition wall, thus generating a descending 
flow of the fluidized medium; 
40 an intense fluidizing region of the fluidized 

medium is formed so as to have a substantially 
high fluidizing velocity in a region apart from 
said first partition wall, thus generating an 
upward flow of the fluidized medium; and 
45 the fluidized medium which has entered said 

combustion furnace from said gasification fur- 
nace though said upper opening of said parti- 
tion wall descends in the fluidized-bed, and 
char which is ungasified component is corn- 
so busted while it is descending, and the fluidized 
medium heated to a high temperature partly 
returns to said gasification furnace in the vicin- 
ity of the furnace bottom through said lower 
opening of said first partition wall to serve as a 
55 heat source for pyrolysis gasification in said 
gasification furnace. 

37. A fluidized-bed gasification and combustion fur- 
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nace. characterized in that: 

a f luidized-bed furnace is divided by a first con- 
centric partition wall into a cylindrical gasifica- 
tion furnace and an annular combustion 
furnace surrounding said gasification furnace; 
said first partition wall has openings so that 
said gasification furnace and said combustion 
furnace communicate with each other at upper 
portions thereof near surfaces of fluidized- 
beds, and lower portions thereof; 
a diffusion device is provided on a furnace bot- 
tom of said cylindrical gasification furnace 
enclosed by said first partition wall so as to 
have different fluidizing velocities in the fluid- 
ized-bed; 

a weak fluidizing region of thefluidized medium 
is formed so as to have a substantially low flu- 
idizing velocity in a cylindrical area of a fluid- 
ized-bed at a central portion of the furnace, 
thus generating a descending flow of the fluid- 
ized medium; 

an intense fluidizing region of the fluidized 
medium is formed so as to have a substantially 
high fluidizing velocity in an annular area of the 
f luidized-bed in a region near said first partition 
wall, thus generating an upward flow of theflu- 
idized medium; 

said upward flow of the fluidized medium partly 
flows in said gasification furnace through said 
upper opening of said first partition wall and 
partly flows toward said central weak fluidizing 
region, thus forming a revolving flow in the f lu- 
idized-bed of said gasification furnace, and 
combustible material is supplied to said weak 
fluidizing region; 

in a furnace portion having an annular gasifica- 
tion furnace outside of said first partition wall, a 
fluidized-bed portion is divided by a second 
partition wall in a radial direction into a plurality 
of gasification furnaces and a plurality of heat 
recovery chamber; 

in said gasification furnace, a diffusion device 
is provided on a furnace bottom, and a weak 
fluidizing region of the fluidized medium is 
formed so as to have a substantially low fluidiz- 
ing velocity in a fluidized-bed, thus generating a 
descending flow of the fluidized medium and 
causing the fluidized medium to return to said 
combustion furnace through said lower open- 
ing of said first partition wall; and 
the fluidized medium in said combustion fur- 
nace partly flows in said heat recovery cham- 
ber though said opening of said first partition 
wall, in said heat recovery chamber, a weakf lu- 
idizing region of the fluidized medium is formed 
so as to have a substantially low fluidizing 
velocity in the fluidized-bed by providing a diffu- 



sion device on a furnace bottom, thus forming a 
circulating flow in which the fluidized medium 
which has entered said heat recovery chamber 
from said main combustion chamber descends 
5 in said heat recovery chamber, and returns to 

said main combustion chamber through said 
lower opening of said first partition wall; and 
a heat transfer surface is disposed in the fluid- 
ized-bed in said heat recovery chamber. 

10 

38. A fluidized-bed gasification and combustion fur- 
nace, characterized in that: 

a fluidized-bed furnace is divided by a plurality 
15 of partition walls into a gasification chamber, a 

combustion chamber and a heat recovery 
chamber; 

a revolving flow of a fluidized medium is toned 
in at least one of said gasification chamber and 

20 said main combustion chamber; 

a circulating flow of the fluidized medium is 
formed between said gasification chamber and 
said combustion chamber; and 
a heat transfer surface is disposed in a fluid- 

25 ized-bed of said heat recovery chamber. 

39. A fluidized-bed gasification and combustion fur- 
nace according to claim 38, wherein a heat transfer 
surface for collecting heat from combustion gas is 

30 disposed in a freeboard section above said gasifi- 
cation chamber, said combustion chamber and said 
heat recovery chamber. 
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